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present invention relates to a radiation-sensitive
mixture for use in the production of semiconductor
elements and masks, having high sensitivity and high
resolution, capable of being applied to a method useful
10 for the formation of both positive and negative patterns,
in which an acid generated by the irradiation of KrF
excimer laser beams, in particular, X-rays or electron
beams is chemically controlled.
Radiation-sensitive mixtures are conventlonally known
15 in themselves. In particular, a positive-type mixture
has been commercially used as a resist material
containing o-quinonediazide and a binder soluble in an
aqueous alkaline solution, such as poly(4-hydroxystyrene)
or novolac. However, such a system'has insufficient
20 sensitivity and resolving power to radiation, in
particular, short-wavelength radiation. Since novolac
has a high intrinsic absorption in the UV-2 region
(220-300 nm), it is unsuitable as a binder which is used
in a single-layer resist material to be exposed to deep
25 UV light (220-300 nm). In contrast, poly(hydroxystyrene)
(PHS) is characterized by having more advantageous
absorption characteristics in the UV region, higher
thermal stability and higher resistance to dry etching.
A positive-type radiation-sensitive mixture for UV-2
30 in which PHS is used as a binder having a side group
" sensitive to an acid is known by, for example, USP
4, 491 628 Further, it is also known that the radiation
sensxt1v1ty of a radlatlon-senSLtlve mixture is enhanced
when a compound capable of discharging, by the action of
35 radiation, an acid which has a catalytic action on the
secondary reaction is added to the mixture. Examples of .
the compound which produces a strong acid by the action
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by the action Treatment of Resists IX" edited by Anthony E. November,

10 Proc. SPIE 1672, 33-45 (1992)), H. Reschelt, et al.
describe a positive-type radiation-sensitive mixture
which contains a PHS copolymer, a compound capable of
generating an acid, and an O-acetal-type oligomerization
inhibitor. This photo-sensitive mixture has a

15 shortcoming in that it is extremely sensitive to the
non-stableness of an acid latent image. The problem of
an unstable acid latent image is an essential problem for
a novel resist material which fulfills its function
according to the principle of chemical amplification.

20 This problem has been fully discussed in some technical
literatures, for example, "Airborne Chemical Contaminants
for Chemically-Amplified Resists" by S. A. MacDonald, et
al. ("Progress in Technique and Treatment of Resists
VIII" edited by Hiroshi Ito, Proc. SPIE 1466, 2-12

25 (1991)). L. Shlegel presents, in his studies, a problem
of diffusion in chemically-amplified resist materials (L.
Shlegel, et al., Jap. Journ. of Applied Physics Series 5,
presentation at the International Conference on Micro
Process in 1991, pp. 175-180). The mean moving range of

30 an acid which acts as a catalyst is equal to the size of
a pattern to be resolved in a resist for 240 nm, having
high resolving powér.f iﬁ'Jép. Journ. of Applied Physics
(Vol. 30, No. 10, October, 1991, pp. 2619-2625), J.
Nakamura describes a method by which the diffusion length

35 and diffusion constant of an acid in a
chemically-amplified resist can be determined. This
basic physical phenomenon limits the resolving power in a
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Is an essential ™p
following unfavorable properties due to the problem of

diffusion when no additive is used therein:

1) resolving power is only 0.5 micron or less;
10 2) high resolution can be attained only by the
unfavorable deflection of straightness;
'3) latitude in exposure is very small; and
4) stability to delay time between exposure and
post-exposure baking is extremely poor, and a
15 drastic linewidth change undergoes in a non-
exposed resist are.
.~ SUMMARY OF THE INVENTION
An object of the present invention is to provide a

novel nmixture for use in the production of

20 semiconductors, which has high sensitivity to light in
the region of radiation, such as short-wavelength UV
light, X-rays and electron beams, which can be developed
by an aqueous alkaline solution, and which can have a
stable acid latent image therein.

25 The above object of the invention can be attained by
a radiation-sensitive mixture which comprises as
essential components: _

a) a binder which is insoluble in water but soluble
in an aqueous alkaline solution,

30 b!) a compound having at least one bond which can be
cleaved by an acid, or b?) a compound having at
least -one bond which is crosslinked with the
compotnd -a) ‘by an -acid,

c) a compound which generates an acid when
35 irradiated, and
d) a basic iodonium compound.
One compound or a mixture of two or more compounds are
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wherein
R! and R? each independently represent C,-C;; alkyl,

20 aryl, heteroaryl, or aryl which is mono-, di- or
tri-substituted by alkyl, aryl, a halogen, alkoxy,
phenoxy, thiophenol,'phenylsulfonyl or phenylsulphenyl;

Y represents [CH2]n where n is 0 or 1, O or S; '

R} and R® represent C,-C; alkyl, alkoxy or a halogen;

25 R’ and R® represent C,~C, alkyl, alkoxy or a halogen;

n is 5 or 6;

X is a basic anion whose pKB value is from -3 to +5;
and at least one hydrogen atom of R! to R® may be
substituted by X to form an inner salt;

30 or a mixture of two or more of these compounds is
preferably used as the basic iodonium compound d).

The incorporation amount of the basic iodonium
cdﬁppung{fs from 0.0l to 2.00 mol equivalent to the
maximum: amount of an acid which can be theoretically

35 formed by the compound c).

All of those iodonium compounds which fulfill the
following requirements are suitable:
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' L . SUMVARY OF THE | NVENTI ON An objﬁpt of
the present inventidh #8dtB° Ragh dedependently represent methyl, ethyl,
propyl, isopropyl, butyl, phenyl, biphenyl, toluyl,
xylyl, chlorophenyl, bromophenyl, methoxyphenyl,
. ethoxyphenyl, propyloxyphenyl, butyloxyphenyl,
10 tert-butyloxyphenyl, phenoxyphenyl, thiophenoxyphenyl or
phenylsulfonylphenyl;
Y represents [CH;], where n is 0 or 1, O or S;
R® and R* represent C,-C, alkyl, methoxy, ethoxy,

chlorine or bromine;
15 R’ and R® represent C,;-C, alkyl, methoxy, ethoxy,
chlorine or bromine;

n is 5 or 6; _

X represents a hydroxyl group, RO- (R = C;-C, alkyl),
RCOO~ (R = C,~C,o alkyl, aryl, alkylaryl) or OCOO0”; and

20 at least one hydrogen atom of R! to R® may be substituted
by X to form an inner salt, and X which consist of basic
functional group and R may combine with R! to R® with or
without interposing R between the basic functional group
and one of R! to R®, such as diphenyliodonium-2-

25 carboxylate.

Onium salts such as iodonium salts and sulfonium
salts are well known by technical literatures, and
technically very important as photochemical
polymerization catalysts. The outline of the use of

30 onium salts in resist materials is given by Cribelo in
0rg. Coatings:and:Appl.}Pdiym. Sci., 48, pp. 65-69
(1985). The synthesis and photochemical properties of
onium salts are\summarized in "Cation Polymerization -
Iodonium and Sulfonium Salts Photoreaction Initiators",

35 J. V. Cribelo, Progress in Polymer Science 62, published
by Springer, Heidelberg, Berlin in 1984.

Further, we have developed a method by which any
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non-polar eluent. An Amberlist-type resin having a

quaternary ammonium group is preferable as an

ion-exchange resin. In principle, the ion-exchange resin
10 can be converted into a basic form by using any

tetraalkylammonium solution having a basic counter ion.

In particular, tetramethylammonium hydroxide is suitable.

Water, an alcohol, tétrahydrofuran or a non-polar organic

solvent is suitable as the eluent. Methanol or ethanol
15 is particularly preferred. '

In principle, in the preparation of an iodonium
hydroxide, a corresponding halide is used. However,
other anions such as metal fluorides of a complex,
tetrafluoroborates and hexafluorophosphates can also be

20 used. An iodonium salt is dissolved in a small amount of
an eluent, and the solution is added on an exchanger
column. Elution speed depends on the size of and load on
the column. However, it is substantially lower than that
in the case where a strong electrolyte is ion-exchanged

25 by ion-exchange chromatography. This is because it takes
more time to equilibrate the column to a theoretical
standard than to do so when a compound is strongly
dissociated in an eluent.

The base content of an eluate, which is determined by

30 titration, agrees with a theoretical value. The
tiﬁrqtion curve of:bi$(t-butylphenyl)iodonium hydroxide
in water/methanol containing 0.1 n HCl clearly exhibits
buffer characteristics in the region of pH = 7.
Therefore, bis(t-butylphenyl)iodonium hydroxide is not a.

35 strong electrolyte in a solution, contrary to our
expectation, but an amphoteric molecule.

The above-described method can attain an exchange
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rate of 93.7%. The other properties of a basic iodonium
salt solution can be studied by UV spectrophotometry.
The position and absorptance of the absorption maximum
are not changed as compared with the non-basic' iodonium
salt used. Therefore, the effect of this anion on the
absorption characteristics of an iodonium chromophoric
group is small.

Successively, the eluent can be replaced by any other
suitable solvent by evaporating it under reduced
pressure.

By this method, a solution of an iodonium hydroxide
in a solvent having a specific concentration, suitable
for a resist formulation can be obtained.

It can be proved that the iodonium hydroxide level in
the solution is constant by titrating the base content of
the solution at various time intervals.

As mentioned above, the method of the present
invention regarding basic iodonium salts is not limited
to the production of hydroxides. Other basic or
non-basic solutions can also be produced by means of
ion-exchange chromatography depending upon the pKB value
of the anion thereof. However, any other basic or
non-basic compound can be readily obtained from
hydroxides by simply adding thereto a conjugate acid.

.
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3) [R pI¥ OH™ + HO—SO02 —R'

15 — [R—@ b I+-0—S07 —R'

It is extremely easy to obtain iodonium salts having

any anion by the above method, using a suitably-prepared
20 ion-exchange column, or by back titration of a hydroxide
solution with a corresponding conjugate acid.

The technical merits of the above method are as
follows:

1) operation can be conducted in the absence of

25 metallic ions;

2) an iodonium salt which is unstable in a separated
form can be produced, and used in a radiation-sensitive
mixture; and

\ 3) an iodonium salt which cannot be produced in a
- 30 pure form can be produced, and used in a
radlatlon-senSLtlve' '
mixture.

The method for producing a basic iodonium hydroxide

solution according to the present invention is

35 particularly suitable for simply producing an iodonium
acetate solution by the hydrolysis of an ester.
Propylene glycol monomethyl ether acetate (PGMEA) is a
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5 A basic anion reacts with a phenolic binder by
acid-base reaction in a resist matrix to become a
polyphenolate anion. An acid to be diffused in a

5

non-exposed area is neutralized with this anion.

To our surprise, weakly-basic anions such as

10 acetates, and ordinary carboxylic acid anions are also
suitable. They have buffer action on an acid to be
diffused in a non-exposed area, and do not have a
catalytic action on the hydrolysis of an acetal.

By this, an acid latent image is stabilized;

15 resolving power in lithography is improved; stability to
delay time is enhanced; and operation range (latitude in
exposure) is increased.

To add a basic compound to a radiation-sensitive
mixture which is treated by chemical amplification is

20 contradiction in itself because not only an acid to be
diffused in a non-exposed area but also an acid which is
present in an exposed'area is neutralized with the base,
but an acid is necessary for catalytic reaction in order
to make difference in solubility.

25 Basic iodonium hydroxides have such technical merits
as compared with non-photoactive basic additives that
they are photoactive in themselves and that they are
neutralized in an exposed area. For this reason, it
becomes possible to add a large amount of a base to a

30 resist without drastically decreasing the radiation
sensitivity of the re51st '

A binder containing a phenollc hydroxyl group is
suitable as the binder a). Poly(hydroxystyrene) has high
thermal stability and high resistance to etching, and is

35 highly transparent to UV light in the 248 nm region, so
that it is particularly suitable. Particularly suitable
binders are poly(4-hydroxystyrene), and a copolymer of
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10 most important. The molecular weight MW of the binder is
from 3000 to 100,000, preferably from 8000 to 30,000. It
is necessary that the degree of dispersion of the binder
be 2 or less. ,

The hydrophilic nature of a resist matrix is

15 controlled by blending poly(4-hydroxystyrene) with other
phenolic binder. To blend with PHS, alkyl-substituted
poly(hydroxystyrene), in particular,
poly(4-hydroxy-3-methylstyrene), or novolac is also
suitable. _

20 A compound having at least one C-0-C or C-N-C bond is
preferably used as the compound bl) having at least one
bond which can be cleaved by an acid. A compound
suitable as such a compound is one represented by the
general formula IV):

25 R? R?

| |
[CH-O-R!~X-N-], IV)

wherein R! is a C,-C, alkylene group,
R? is a C,-C, alkyl group,
30 . R® is a C;-C,, alkyl group or an aryl group,
X is -CO-, =-0-CO- or -NH-CO group, and
n is an lnteger greater than 1.
Poly—N O-acetal Whlch is obtained by acid-catalyst-
reactive acetal exchange, using a dimethyl acetal of a
35 corresponding aldehyde and a corresponding alcohol
component is chemically important. The degree of
condensation and molecular weight distribution of the
poly-N,O-acetal can be controlled by the polycondensation
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acid. Suitable examples of such a compound include the
following compounds:
a heterocyclic aromatic compound represented by the
general formula V):

10
X N X
Z ‘ﬂ/’ _
' Vv
NYN )
15 Y
wherein
_R7—0—R8
Xﬁs-——N\ :
20 R9—0—RI10
in which
R’ and R? are an alkyl group, and
25 R® and R! are an alkyl group or hydrogen atom, and
Y is the same as X, or hydrogen atom, a C,-C; alkyl
group, a C; or C4 cycloalkyl group, or a substituted or
unsubstituted or oxygen-, nitrogen- or sulfur-containing
C¢-C,; aryl, C4~C), aralkyl or C¢-C,; acyl group;
30 a urethane formaldehyde resin represented by the

general formula VI)

35
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the columm to a thedretical standarxllhan to do so when a compound is
strongly 5 dissggLated n an el uent. The base content of an

el uate, which is d ékne 68 titration, agrees with a theoretical

val ue. The |tr 2on cdr R&% bi s(t-butyl phenyl )i odoni um hydr oxi de
in mater/nethanoCCKHﬁkalnlng 0.1 n HO clearly exhibits buf f er
characteristics in the region of pH = 7. Ther ef or e,

bi s(t-butyl phenyl )i odoni um hydroxide is not a 35 strong electrolyte in a
solution, contrary to our expectation, but an anphoteric nolecule.

The above-descr iheddis! e fALAHAY) P’ 9Gdrogen atom; and
a crosslinking compound represented by the general
formula VII): '

(R!2-0-R!*), ~A~(R}M-0-R!3), VII)
wherein
15 A is -B-(32),- or -B-Z%-B-, in which B is a substituted

or unsubstituted, mononuclear aromatic hydrocarbon
compound or heterocyclic aromatic compound containing
oxygen, sulfur or nitrogen atom,

and Z is direct bond, C,-C, alkylene, C,-C,

20 alkylenedioxy or a substituted or unsubstituted
phenylene, in which Z may be interrupted by nitrogen
atom, -NH-, -0O-, ~S~, -S80,-, -CO-, =-CO,~, -0CO;-, -CONH-
or -0-C.H,0~;

R!? and R are hydrogen atom, a C;-Cs alkyl group, a

25 C,-Cy aliphatic unsaturated carbonyl group, a Cs or C;
cycloalkyl group, a substituted or unsubstituted C¢-C,,
aryl, C4~C,, aralkyl or acyl group;

R is a C;-C, alkylene group in which the chain may
be substituted by nitrogen atom, -0-, -CO- or ~-CONH-, or

30 a substituted or unsubstituted phenyl;

n is an;ihtége;'offl to..3;

m'is'aﬁ:inteéer df-O'to 3, provided that n + m is at
least 2; and

p is an integer of 0 to 3.

35 A compouﬁd having R-0-CH,-R’ bond in its molecule is
preferable as the crosslinking agent b?), and a compound
containing (R-O-CH,R’)-N group, represented by the



-7+ .° rate of 93.7% The other properties of a basicfmpggagypgmnk

laced © °
salt selution can be studied by UV spectrophotonetry. | TR
and absorptance of the absorption nmaxi num are not charl MEWHBHH Ed e
with the non-basic iodonium 5 salt used. Therefore, the

ani on on the absorption characteristt+cs3of an i odoni um chronmophoric
group is snall. Successively, the eluent can be replaced by any
ot her sui t enerad] fegmuda M)apsr perkicrlagheprefauced. 10 pressure.

By this method, a solgutitamief e%Eme_@anE”tH¥d&@iﬁ#>Q€nd c) which §eh¥eates
havi ng a sp¢C|f|%np%£§%pEE%ﬁb%n, EU|gabIe a or 4& cesist formulation
can be obt ai ned. af1BZOBLgPG2Lh8r £RECPLWBNFANTRydr oxi de
level in 15 theuddontinmm siad tsgnhtdogehy comppahdagahde base content of
5 ortho~quinonediazide-sulfonic esters. 1In general, the
above onium salts are used in the form of salts soluble
in an organic solvent; in most cases, they are used as
tetrafluoroborates, hexafluorophosphates,
hexafluoro-antimonates, hexafluoroarsenates, ox
10 sulfonates such as trifluoromethylsulfonate or
hexafluoropropylsulfonate. Among the halogen compounds,
triazine, oxazole, oxadiazole, thiazole and 2-pyrone
which are substituted with a trichloromethyl group and/or
a tribromomethyl group are preferred. Besides these
15 compounds, a halogenated, in particular, chlorinated or
brominated aromatic compound is also suitable as the
acid-generator.

Those compounds which generate a sulfonic acid, and

have high thermal stability and good absorption
20 characteristics are preferred.

Particularly preferable compounds are phenolic
sulfonic esters, bissulfonylmethanes and
alpha,alpha-bissulfonyl- diazomethanes represented by the
general formula VIII)

25 R-S0,-C-S0,-R’ VIII)
1 .
wherein R and R’ each independently represent an alkyl,
cycloalkyl, aryl or heteroaryl group.

30 This is because these compounds have high acid-generation
efficiency and are highly transparent to light in the DUV
region. =~ - . L

Further, for the irradiation of X-rays or electron
beams, diaryl iodonium salts which have high
35 acid-generation efficiency are preferred. The above
iodonium-sulfonic acid salt can be obtained, for example,
by adding a sulfonic acid to a basic iodonium salt
solution. More specifically,



the-solution at various tine intervals. As nentlo el s £ BednReplaced |
met hod- of the present I nvention regarding basic |odon| 1 t
limted to the production of hydroxides. O her basic oﬂ &m E' “
non- basi ¢ sol utions can al so be produced by means of [ '

chr omat ogr aphy dependi ng upon the pKB val nel4 - of the anion thereof.
However, any ot her non-basi ¢ .conpound can. be

obtained from bPis ba%%%W%%‘?‘)mfﬁ&attﬁeF@fio theg F‘t?dl l é’ &8 d.

25 30 meriioned. Examples of the sulfonic acid whlch can be
used herein include alkyl sulfonic acids, partially- or
fully-fluorinated alkyl sulfonic acids, aryl sulfonic

5 acids, and arylsulfonic acids substituted with a halogen,
or an alkyl, alkoxy, nitro, cyano or alkyl halide group.
The incorporation amount of the compound c) is from 1 to
10% by weight of the total weight of the solid components
incorporated. There may be a case where a mixture of two

10 or more photoactive compounds shows advantageous
characteristics in a resist.

The mixture of the present invention, comprising the
components a) to d) is dissolved in an organic solvent.
At this time, the solid content is generally controlled

15 to the range of 5 to 40% by weight. An aliphatic ketone,
ether or ester, or any mixture thereof is preferable as
the solvent. Particularly preferable solvents are
alkylene glycol monoalkyl ethers such as
l-methoxy-2-propanol, and alkylene glycol alkyl ether

20 esters such as l-methoxy-2-propanol-acetate (PGMEA).

Other additives such as an adhesion-promoting agent,
a crosslinking agent, a colorant and a plasticizer can be
further added to the mixture.

In order to make the acid-generator sensitive to from

25 long-wavelength UV light to visible‘light, a small amount
of a sensitizer may be added, if desired. A polycyclic
aromatic compound such as pyrene or perylene is
preferably used as the sensitizer. A dye which acts as a
sensitizer can also be used. '

30 The photoresist solution containing the
radiation-sensitive mixture of the present invention is
spln—coated onto a sultable substrate, for example, a
bare silicon wafer so as to form a resist layer having a
thickness of generally 0.1 to 5 micron, preferably 0.5 to

35 1.5 micron, and then dried (for instance, at a
temperature of 70 to 130°C). The resist layer is exposed
imagewise to light from a suitable light source through a



‘ 1) Jerr] 2) [err] This SheetHasBeenR

IR i

photomask. After this imagewise exposure, the resist
layer is subjected to baking treatment (post-exposure
baking) at 40 to 130°C for 180 to 30 seconds. The
photoresist is developed by an alkaline developer which
5 preferably contains no metallic ion, for instance, an
aqueous tetramethylammonium hydroxide solution. In the
case where an aqueous tetramethyl-ammonium hydroxide

solution is used, the concentration thereof is preferably
from 1.0 to 4.0% by weight. The resolution is in the

10 range of less than 0.5 micron. The deep UV irradiation
energy required for the radiation-sensitive mixture of
the present invention is, in general, from 5 to 100
nJ/cm?, |

The developed resist pattern layer may be post-cured,

15 if desired. This treatment is generally conducted by
heating, on a hot plate, the resist pattern layer to a
temperature lower than the flow temperature thereof, and
then exposing the entire surface of the layer to light
from a xenon-mercury vapor lamp (200-250 nm region). By

20 this post-curing treatment, the resist pattern layer is
crosslinked, and thus imparted with flow resistance which
is effective, in general, at a temperature of 200°C or
lower.

The preferable use of the radiation-sensitive mixture

25 of the present invention is a resist material used for
producing integrated circuits or various electronic
parts. 1In this production process, a recording material
produced by using the mixture can be used as a mask in
the subsequent step. Thereafter, for example, the

30 etching of the substrate on which the resist layer is
provided, the implantation of ions into the substrate, or
thewsepaiatioﬁfoffthe metal is conducted. Besides the
above use, the radiation-sensitive mixture of the present
invention is suitable for the production of litho

35 printing plates. Method for preparing propylene glycol
monomethyl ether acetate (PGMEA) solution of
bis(t-butylphenyl)iodonium hydroxide:



3) .[rerr]” 15 : It Is extrenely easy to obtaln |odon|un1salts
havi ng: any anion by the above nethod, using a sui

i on- exchange colum, or by back titration of a hydrOX|de ﬂh
a correspondi ng conj ugat e aci d. : The .t echni cal ‘e m ve,

nmet hod are as fol |l ows: 1) oper&ﬁlon can be conducte

absence of 25 metallic,io I um sa t whi ¢
unstable in a separ %PlumnS?%Yh?%ai %ﬁﬂ%ﬁ%dﬁggg? Jhdé
radi ati on-sensi tdiameter of x5uce;isnflilled w1tB)7Q01g(nﬁnﬁnhaxkﬁstvﬁn%ﬁ

b d
cannot_be produceq {Roardln oPUCRISALELSAEE BRALYSEhoAT YRR ddiad 1o

radi ati on-sensitiv JNOdUCIq%IQ basi c
|odon|unlhydrOX|Gé5Persed ln methanol, and the resulting dispersi

5 poured into the column. 3 liter of methanol is added to

3 liter of a 0.54 N solution of tetramethylammonium
hydroxide. The resin filled in the column is converted
into the form of hydroxide by using this alkaline
solution. _
10 The column is washed with 3 liter of methanol until
the pH of the washing becomes neutral.
1.8 mmol (1.0 g) of bis(t-butylphenyl)iodonium
trifluorate is dissolved in a small amount of methanol,
and the solution is added on the column. The elution
15 speed is 30 ml/h. The elution is monitored by measuring
potential difference or UV absorption. The base content
is measured by titration using 0.1 N HCl. The result of
a bromine ion.test_using silver nitrate is negative. By
the measurement of the base content, the exchange rate
20 was found to be 93.7%. The methanol is evaporated in a
rotary evaporator under reduced pressure. Successively,
the resultant is substituted with PGMEA until a 0.1
mmol/g PGMEA solution of bis(t-butylphenyl)iodonium
hydroxide (BPIH) is finally obtained. Even when the
25 methanol is replaced with propylene glycol monomethyl
ether, the BPIH concentration of the solution is not
changed. A solution of diphenyl iodonium hydroxide and
that of 4-methoxydiphenyl iodonium hydroxide were
prepared by the same method.
30 Examples
The following startlng materials were used in the
follow1ng Examples
Polymer A:
Poly[ 4-hydroxystyrene-co-4-hydroxy-3-methylstyrene]
35 (2:1 copolymer) |
My = 14000 g/mol, My = 7000 g/mol
Optical density (248 nm) = 0.18/pm-1



solutian is particularly suitable for sinmply producing anm 35 irodoni umr

U

acetate solution by the hydrolysis of an ester. - Propyl ene gl ycol
mononet hyl ether acetate (PGVEA) is a i Sheet Has'Been Replaced
- 9- preferable solvent in the resist technol ogy. v+ﬂ“l| “ :
el uent of a basic i odoni um hydroxide sol uttoh?is replaced ,
the ester cl eavage of_the salvent qccurs, and Is conpleted in a short
time. 5 A basi%?i%ﬁqﬂ974£ﬁﬁ%i\ﬂzth a phenolic binder by

aci d-base reaction in a resi ® #whrproppl pecone a pol yphenol at e
anion. An acid to be diffusedzip non- exposed area is neutralized
with this anion. T%’ourggﬁ¥%??%é, weakl y- basi ¢ ani ons such as 10

acetates, and ordinary carboiﬁl?caﬁfld ani ons are al so sui tabl e. They
have buffer @ction on an aci & =0 dago-,

n: My = 2500 mol/g, My/My > 2.5
Photoactive compound C:
Bis(4-chlorophenylsulfonyl)diaiomethane
Photoactive compound D:
10 Bis(4-t-butylphenyl)iodonium triflate
Photoactive compound E:
Triphenylsulfonium triflate
Photoactive compound F:
Tribromomethyl phenyl sulfone
15 Solvent: l-Methoxy-propyleneglycol-2-acetate
(PGMEA)
The components of a radiation-sensitive mixture to be
tested are expressed in parts by weight.
Examples 1 and 6

20 A radiation-sensitive mixture having the following
formulation was prepared. In Example 6, 0.02 part of
Photoactive compound D was further added to the

formulation:
' Polymer A 1.40 parts by weight
25 Poly-N,O-acetal B 0.70 part by weight
Photoactive compound C 0.04 part by weight
PGMEA 8.00 parts by weight

This solution was filtered through a 0.2 micron
filter, and then spin-coated onto a silicon wafer which
30 had been pre-treated by hexamethyldisilazane sexving as
.an adhesion promoting agent, thereby forming a uniform
layer having a.thickness of 1 micron. The wafer was
dried (soft baking) on a hot plate at 120°C for 60
seconds, and then subjected to imagewise exposure. This
35 exposure was conducted by using a 248 nm KrF excimer
laser with a Nikon excimer stepper having a numerical
aperture of 0.50 and test masks having various pattern



stabilized; resolution 15 capability in I|thography S

di f.frused i n a non-exposed area, and do not have a I5Cen'RS gxd
on‘the-hydrolysis of an acetal. By this, an ac ah OF

stability to delay tinme-is enhanced,; %d operation de in
exposure) is increased. To add 5 si'c conpound to a

radi ati on-sensitiye m xture ich is treat,ed C '

anplification isS28®s- co'ﬁP?aé?g?Yoﬁﬂf‘%%?é%??n g%}&%ué%)on%ffgo%d al%eid to
be di f f usedakiing aondespedcafberathetexposure RIF-MIRIPULS

present in an expagefigar oia) s BRYLERL! dETay tiind Nfeitin the bawidg Anaci d
I S necessary for catalyt éaction n or to make difference in

solubility. 25 the dBH@@QPWSHBn?Eﬁ1H?H?BR?HESP%%ﬁﬁﬁ%uRﬂF%Qﬁ: ital Herits
as conpar edswi t htR98- eRpbednbhis thesé @elayi vhmes hadre kept tdheyrtaae than

Drea. For this raaBbnucee, UALo0f obREeTHE agicq il e Tosr AR BT
base to a 30 rbakshgmmﬁbonOrmah$Y|caﬁdeUe@r@hs$QmFtﬁﬂirQﬂh%ﬁqQﬂﬁs '
sensitivity of thger ﬁ'fé&: exposed w wad 8b0dL6 &@nﬁfl {Mufl- 21 i erel i€ Dy 3y
group is sul tabl e as I nder a) . rox rmg?# hlgh
thermal stabilitytafid(Ri-gA5rB3i SeERRECE %?@Hgé émﬂXF%%%é% a%*
transparengot o U¥hei ghkulll bheliﬂﬁonﬁriﬁgiﬁ@,was evaluated by the
resolution of 1:1 line and space (resolution maintaining
linearity) attained.
In a delay time test, the delay time between the
exposure and the PEB was changed, and the development was
15 conducted right after the PEB. The results obtained were
evaluated by the loss (slimming) in line width, which is
the relative line width of the obtained pattern to that
of the pattern obtained by applying the same dose without
" giving delay time. _
20 These examples are summarized in the following table.
It is noted that "PAC" in the table means a photoactive
compound.



that- it.is particularly suitable. Particularly suitable bi nders are
poty(4-hydroxystyrene), and a copol yner of

I
-10- pol y(4- hydr oxy-styrene) and aIkyI-substitutedThlsShemmsB"emR '
4- hydroxystyrene. In particular, copolynerig ”II,” I" I || |, .....
pol y[ 4- hydr oxyst yr ene- co- 4- hydroxy 3- nethylstyrene] and

pol y[ 4- hydr oxyst yr ene- co- 4- hydr oxy- 3, 5-di net hyl styrene] 5 are suitable.

The nononer ratio can be changed between 10% and 90% However, in
order to obtain optinmum di ssolution characteristics, a nononmer ratio
of 2.1 to 1:2 is particularly prefecfaRie ¥or a polynmer matrix, the
solubility thereof to an aqueous al kal i ne devel oper is 10 nost i nportant.
The nol ecul ar Herht—lyiw-of—tjre—brnper—t—s fronm3000—t01T0qQ, 000, .
preferably $rom wm-t&f%lobbAcflt Basic | o| Jedendssar y Liltflete t he Jg‘@?(@%f
di spersion of t Hheplbi ngefarts Parts iodonium additive required to line width
No. by by additive as | concentration | obtain when delay
weight | weight | 0.1 mmol/g | to total PAC | maximum time between
solution in | concentration | line-resolution | exposure and
10 PGMEA | (moVmol%) | (mJ/cm?) PEB is 30
' Maximum min. (0.5 pm
line-resolution | design)
(pm)
1 C none none none 18 50
15 2 _ 0.45
2 o none | Bis(4-tert- 20 19 17
2 butyl- 0.36
phenyl)
iodonium
20 hydroxide
3 C none | Bis(4-tert- 40 20 13
2 butyl- 0.34
phenyl)
iodonium
25 hydroxide
4 C none | Bis(4:tert- 50 24 9
2 butyl- 032
phenyl)
iodonium
30 ' hydroxide
5 C none | Bis(4-tert- 60 30 8
2 butyl- 0.34
phenyl)
iodonium
35 hydroxide
6 c D | Bis(4-tert- 50 14 9
2 1 butyl- 0.30
' | phenyl)
: ' . iodonium
40 hydroxide




be .2 or. 1ess. | The hydrophilic nature of a resist matrix 1Is 15—
controll ed by bl endi ng pol y(4-hydroxystyrene) with other henol i c

bi nder. To blend with PHS, al kyl-substituted pon(hyE? eplaceq
parti cul ar, pol y(4- hydr oxy- 3- net hyl st gr ene), or novol ElT '
suitable. 20 A compound having at |gadP one GO C or

preferably used as the conpound bl) having at | east one bond whi ch

can be cl eaved H§§2H2§EL§ A conpound suitabl e as such a conpound is

one represented by't}heradiatiq;ﬁ-rwxféiﬁiﬁfdru{ia:ﬂu‘sﬁe' hdving the folll&ring

wherein Rl err] aiﬁ?’?’nﬁﬂ{éﬁ%ﬂ rﬂre%g%écﬁne gr oup, Rlerr] is a

Cerr]-Cerr] group, err] is a (Jerr]-Clerr] al kyl group
or an aryl group, Polyhydroxyebyrens €6 of - 0P r ey pre bavt
n is an int®ger greater WHefh the phenolic @8 y-N, O acetal which is obtained
by aci d-catal yst - FEHR (WAS bshltat@dange, using a dimethyl acetal
of a 35 corr espondi ngﬁ%lﬁ%d@-t&hé &8%3 espondi ng al cohol
conponent is chemcally TNy g R8P of
10 Photoactive compound E 0.05 part by weight
PGMEA 8.00 parts by weight
BPIH as 50 %

0.1 mmol/g PGMEA solution
(50 % by mole based on the

15 amount of compound E in
the resist)

This solution was filtered through a 0.2 micron
filter, and then spin-coated onto a silicon wafer which

20 had been pre-treated by hexamethyldisilazane serving as
an adhesion promoting agent, thereby forming a uniform
layer having a thickness of 1 micron. The wafer was
dried (soft baking) on a hot plate at 120°C for 60
seconds, and then subjected to imagewise exposure. This

25 exposure was conducted by using a 248 nm KrF excimer
laser with a Nikon excimer stepper having a numerical
aperture of 0.55 and test masks having various pattern
sizes. The delay time between the exposure and the
baking conducted after the exposure . (post-exposure

30 baking, PEB), and the delay time between the baking and
the development are important procéss parameters. In
this experiment, these delay times were kept shorter than
2 minutes, unless otherwise indicated. The post-exposure
baking was normally conducted at 90°C for 60 seconds.

35 The wafer expOsed'wéé dévéloped by immersing it in
tetramethylammonium hydroxide solution(0.15N). The
resolution of the resist material was evaluated in the
same manner as that of the above examples. As a result,
it has been found that the same improvement as attained

40 in the above examples could be attained.



condensdtion and nol ecul ar wei ght distribution of the pol y- N,

can be-controlled by the pol ycondensation ' Thsgwﬂ}hs

- 11 - condi tions. A conpound havi ng at Ie laced
bond which can - be crosslinked with the_conmpound a) b ‘
preferably used as the conpound b[err]) haV|ﬁé at | east on ch
S crossllnked\Méééééiéfﬁnpound a) by an aci d. SU|tabIe exanples of
such a conpound i e fol | owi ng conpounds:

heterocyclic aromati A ceadiamibr-eeresaivd ik tidi® havinggeher &blﬂownmlga V) :
10 [err]tormulation was prepared:

Polyhydroxystyrene of 2.00 parts by weight
5 which the phenolic OH

group was substituted

by 40 % with silanol

group

10 Photoactive compound E 0.05 part by weight
PGMEA - 8.00 parts by weight
BPIH as 50 %

0.1 mmol/g PGMEA solution
(50 % by mole based on the

15 amount of compound E in
the resist)

This solution was filtered through a 0.2 micron
filter, and then spin-coated onto a silicon wafer which

20 had been pre-treated by hexamethyldisilazane serving as
an adhesion promoting agent, thereby forming a uniform
layer having a thickness of 1 micron. The wafer was
dried (soft baking) on a hot plate at 120°C for 60
seconds, and then subjected to imagewise exposure. This

25 exposure was conducted by using a 248 nm KrF excimer
laser with a Nikon excimer stepper having a numerical
aperture of 0.50 and test masks having various pattern
sizes. The delay time between the exposure and the
baking conducted after the exposure (post-exposure

30 baking, PEB), and the delay time between the baking and
the development are important process parameters. In

"~ this experiment, these delay times were kept shorter than
2 minutes, unless otherwise indicated. The post-exposure
baking was: normally conducted at 70°C for 60 seconds.

35 The wafer exposed was developed by immersing it in
tetramethylammonium hydroxide solution(0.15N). The
resolution of the resist material was evaluated in the
same manner as that of the above examples. As a result,
it has been found that the same improvement as attained

40 in the above examples could be attained.



15, .° wherein . 20 [err] in mhlch

Rlerr]-and R err] are an al kyl group, and 25 R[err] ﬁ;ﬁ a
al kyl group or hydrogen atom and Y is the sane a “ em‘ Rlack
atom a (err]-Cerr] alkyl group, a %5 or C6 cycloal “ r
substituted or unsubstituted or oxygefi, "nitrogen-

sulfur-contalnlqg ample §Ierr] Cerr] aryl, Cferr] Cerr] aralkyl or

Cerr]-Cerr] a uret hane f or mal dehyde resin
represented by the A rad¥ﬁ#m9nﬂsqngmnyw§‘m;mture having the following

formulation was prepared:

5 Polyhydroxystyrene of 2.00 parts by weight
which the phenolic OH
group was substituted
by 40 % with tetrahydro-

pyranyl group

10
Photoactive compound E 0.05 part by weight
PGMEA 8.00 parts by weight
BPIH as 50 %
0.1 mmol/g PGMEA solution
15 (50 % by mole based on the
amount of compound E in
the resist)
This solution was filtered through a 0.2 micron
filter, and then spin-coated onto a silicon wafer which
20 had been pre-treated by hexamethyldisilazane serving as
an adhesion promoting agent, thereby forming a uniform
layer having a thickness of 1 micron. The wafer was
dried (soft baking) on a hot plate at 120°C for 60
seconds, and then subjected to imagewise exposure. This
25 exposure was conducted by using a 248 nm KrF excimer

laser with a Nikon excimer stepper having a numerical
aperture of 0.50 and test masks having various pattern
sizes. The delay time between the exposure and the
baking conducted after the exposure (post-exposure

30 baking, PEB), and the delay time between the baking and
the development are important process parameters. 1In
this experiment, these delay times were kept shorter than
2 minutes, unless otherwise indicated. The post-exposure
baklng was nprmally conducted at 70°C for 60 seconds.

35 The wafer exposed was developed by immersing it in
tetramethylammonium hydroxide solution(0.15N). The
resolution of the resist material was evaluated in the
same manner as that of the above examples. As a result,
it has been found that the same improvement as attained

40 in the above examples could be attained.
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Example 10

A radiation-sensitive mixture having the following
formulation was prepared:

Polyhydroxystyrene of 2.00 parts by weight
which the phenolic OH

group was substituted

by 40 % with tert-butyl

ester group

Photoactive compound E 0.05 part by weight
PGMEA 8.00 parts by weight

BPIH as 50 %
0.1 mmol/g PGMEA solution
(50 % by mole based on the
amount of compound E in

the resist)

This solution was filtered through a 0.2 micron
filter, and then spin-coated onto a silicon wafer which
had been pre-treated by hexamethyldisilazane serving as
an adhesion promoting agent, thereby forming a uniform
layer having a thickness of 1 micron. The wafer was
dried (soft baking) on a hot plate at 120°C for 60
seconds, and then subjected to imagewise exposure. This
exposure was conducted by using a 248 nm KrF excimer
laser with a Nikon excimer stepper having a numerical
aperture of 0.50 and test masks having various pattern
sizes. The delay time between the exposure and the
baking conducted after the exposure (post-exposure
baking, PEB), and the delay time between the baking and
the development are important process parameters. 1In
this experiment, these delay times were kept shorter than
2 minutes, unless otherwise indicated. The post—eprsure
Baking was normally conducted at 90°C for 60 seconds.
The wafer eprsedfﬁasfdevelqped by immersing it in
tetramethylammonium hydroxide solution(0.15N). The
resolution of the resist material was evaluated in the
same manner as that of the above examples. As a result,
it has been found that the same improvement as attained
in the above examples could be attained.



\

10, - whierein Rerr] is an al kyl group or hydrogen atom and

crossl irnki ng conpound represented by the general
- (Rlerr]-0-Rerr])[err]-A- (Rlerr]-ORerr])[err] \/II):mgsm!‘l’t%]ae"")l
Ais -B-(2)[err]- or -B-Z-B-, in which B Lspg substitute '
unsubsti tuted, nononucl ear aromatic hydrocarbon co
het erocyclic anymgﬁéiéqnpound cont ai ni ng oxygen, sulfur or nitrogen

atom ard em ban err .err] .alkyle err
20 alkylenedloxy“ﬁnngg 4§i§¥ﬁﬁgtﬁﬁﬂﬁ£§% h@ wre Hgvﬁ I%%EC[ln !
which Z may be |m.‘emw¢nc_¢dfdmumatmcgemas prepmad: -NH-, -0-, -S-,
-SJerr]-, -CO, -CJerr]-, -0OC0[err]-, -CONH or OC[err]H[err]O;
Rl err] and R[err] hydrogen atom a C[err] C[erri al kyl group, a_ 25
Clerr]-der5] aliphatic Rnsptimmetdexymeardyl- gr bup0 BaTterPy Weightrr]
cycloal kyl group, a subsfifyRsk tygaﬁwgstltuted Clerr]-Cerr] aryl,
Cerr]-Cerr] aral kyl or acyl group; Rlerr] is aderr]-Cerr]
al kyl ene group in which the chain may be substituted by nitrogen
atom -0-, -CO or -CONthexametibxymesthstibst it ut 8d4opanbshpsweighed phenyl
nis an integer of 1 tomelamine mis an integer of 0 to 3, provided
that n + nitos at

Photoactive compound D 0.02 part by weight
PGMEA 8.00 parts by weight

BPIH as 50 %

0.1 mmol/g PGMEA solution
15 (50 % by mole based on the

amount of compound D in

the resist)

This solution was filtered through a 0.2 micron
20 filter, and then spin-coated onto a silicon wafer which
had been pre-treated by hexamethyldisilazane serving as
an adhesion promoting agent, thereby forming a uniform
layer having a thickness of 1 micron. The wafer was
dried (soft baking) on a hot plate at 110°C for 60
25 seconds, and then subjected to imagewise exposure. This
exposure was conducted by using a 248 nm KrF excimer
laser with a Nikon excimer.stebper having a numerical
aperture of 0.50 and test masks having various pattern
sizes. The delay time between the exposure and the
30 baking conducted after the exposure (post-exposure
baking, PEB), and the delay time between the baking and
the development are important process parameters. In
thls experlment, these’ delay times were kept shorter than
2 minutes, unless otherwise indicated. The post-exposure
35 baking was normally conducted at 105°C for 120 seconds.
The wafer exposed was developed by immersing it in
tetramethylammonium hydroxide solution(0.26 N). The
resolution of the resist material was evaluated in the
same manner as that of the above examples of the positive
40 resist. As a result, it has been found that the



| east 2;" and pis an integer of 0 to 3. 35 5 A ‘conpound.
having-R-O-CH err]-R bond in its nolecule is pr ef er’lablsbe as Re laced
crosslinking agent b2), and a conpound cont ai ni ng (R—

group, represented by the

general formula V) is particularly preferF'ea5 - SU|tabIe exanples
of the conpound engerag C [ i S,

i odonium salts Eéséﬁ‘.’ﬂﬁﬁf 1?oﬁlfu% gzlf"fne %ncf%faréegédﬁ%g{un g'ng'n quggﬂadl;

ort ho- qU|noned|aE¢Geos&0fﬁmrc esters. In general, the above oni um

salts are used |fomperheive ofxs&mpis sOl Ubl e In an organic solvent; in

nost cases, they ar €, used " as afluor bor at es
hexaf | uor ophosphat esTh roc?ﬂﬂﬁﬁIQﬁ;gf S GRReReTo PSSR APRE

BPIH was not added, whereby negative resist mixture was

obtained. As a result of evaluation of the resolution of
the resist material in the same manner as that of Example
11, it has been found that the resolution of 1:1 line and
space mainitaining linearity was 0.4 pum.
10 Example 12
The procedure of Example 11 was repeated except that

Photoactive compound E was used in place of Photoactive

compound D, whereby a negative resist mixture was

obtained. As a result of evaluation of the resolution of
15 the resist material in the same manner as that of Example

11, it has been found that the resolution of 1:1 line and

space mainitaining linearity was 0.3 pm.

Comparative Example 2

The procedure of Example 12 was repeated except that

20 BPIH was not added, whereby negative resist mixture was
obtained. As a result of evaluation of the resolution of
the resist material in the same manner as that of Example
12, it has been found that the resolution of 1:1 line and
space mainitaining linearity was 0.4 pm.

25
The following are preferable embodiments of the present
invention: '

1. A positive-type radiation-sensitive mixture,
wherein the previously-described compound b') is a

30 compound having at least one C-~O-C or C-N-C bond which
can be cleaved by an acid.

2. A negativéétypefradiation-sensitive mixture,
wherein the compound sz'is a compound having at least
one C-0-C bond which can be crosslinked with the compound

35 a) by an acid. _

3. The radiation-sensitive mixture described in the
above 1 or 2, characterized in that the amount of the

-]



10, sulfonates such as trifluoronethyl sul fonate or ;
hexaf | wor opr opyl sul fonate. Anong the hal ogen conpounds, Tmsﬂﬁ&}ﬁgbékmg m

oxazol e, oxadi azole, thiazole and 2-pyrone whi ch are
a trichloronmethyl group and/or a tribrggnnethyl group
Besi des these 15 conpounds a halogenated I particul ar,

br om nat ed arona%ﬁl q&&g&&ﬁ@l§95§ﬁ$§%’d %%gﬁg% 01 to QCbG ﬁggerator

Those conpounds genera ni ¢ aC|d hi'gh ther
stability and goesdrubadent die the maximunt emounitc 9farn pcédewhéah can be

Particularly preﬁgﬁgggé%faqu@uq@&néhe ¢hel icem ound gglfonrc esters

bi ssul f onyl net hanes and al_pha, al pha- hi ssul"f gny dlazoneghg
represented by the 4+ Thendesiatdonrsgneiiiye nix ure described, ip any
wherein R es] amheRcd rﬂheaarﬂweuiewdenmyemw enentdidfiusibyl of an acid

have hi gh aci o gEtaalgh BY Yadlatiln cang Ie° prdafBEh o8, bR -egepadnee
light in the DUVcaused rthyjithe acid diffupdonhere tontﬁﬁé edr B ati on of
X-rays or electrQutralizing the acid with the basic iodonium salt.
5. The radiation-sensitive mixture described in any
10 one of the above 1 to 4, characterized in that the basic
iodonium compound d) is one of the compounds represented
by the following formulas I) to III):

[IRIR2]+x- I)
15
Y
[ IRS II)
I .
R4 3
20 R
i
[ C—CH,—R7 7x- 1)
25 R5R6
wherein

R! and R? each independently represent C,~C;3 alkyl,
aryl, heteroaryl, or aryl which is mono-, di- or
30 tri-substituted by alkyl, alkylaryl, aryl, a halogen,
alkoxy, phenoxy, thlophenol, phenylsulfonyl or
phenylsulphenyl
Y represents [CHlewhere n is 0 or 1, 0 or S;
R} and R* represent C,-C, alkyl, alkoxy or a halogen;
35 R® and R® represent C,-C, alkyl, alkoxy or a halogen;
n is 5 or 6;
X is a basic anion whose pKB value is from -3 to +5;



beans, .di aryl

I odoni um sal ts which have high 35 aci d- g ergl; [ Been R 1aced

efficiency are preferred. The above |odon|un}sulfo
be obtai ned, for exanple, by adding a sulfonic acid t ‘ﬁ“H m \
i odoni um sal t sol ution. Mre specifical

- 14 -

bi s(t- butylphenyliodoniun)SLﬂf%%dTe and the |ike can be

L don ur |
ol ude ai kyl - SUREBhAC AEPAE opd pigEpydn fLin 82 Ri%s §Y may"BG J0 0 Ey|

sul foni ¢ aci ds,

supstdduted by X toafodm aandnaeyl saﬂtem c acids

substituted “‘thd% Q@H%*%ﬁre of twBl 02N mBkEY be %hﬁQéYCoﬁbbﬁﬁdsCyanO or
al kyl halide group. I.ncorporation anmount of

fromlto

10% By mé‘P@hFaSﬂaFHQnFSF&FlﬁéV@h{"lﬁFuFﬁe 6F¥5888nb5nah?s

i ncor porated Theoves,beharaeterikedein ghatutheomiktre fulfills the

10

15

20

25

30

35

following conditions:

R! and R? each independently represent methyl, ethyl,
propyl, isopropyl, butyl, phenyl, benzylbiphenyl, toluyl,
xylyl, chlorophenyl, bromophenyl, methoxyphenyl,
ethoxyphenyl, propyloxyphenyl, butyloxyphenyl,
tert-butyloxyphenyl, phenoxyphenyl, thiophenoxyphenyl or
phenylsulfonylphenyl;

Y represents [CH;], where n is 0 or 1, O or S;

R?® and R* represent C;~C, alkyl, methoxy, ethoxy,
chlorine or bromine;

R’ and R® represent C,-C, alkyl, methoxy, ethoxy,
chlorine or bromine;

n is 5 or 6;

X represents a hydroxyl group, RO" (R = C,-C, alkyl),
RCOO™ (R = C,~C,¢ alkyl, aryl, alkylaryl) or 0COO~; and
at least one hydrogen atom of R! to R® may be substituted
by X to form an inner salt, and X which consist of basic
functional group and R may combine with R! to R® with or
without interposing R.

7. The radiation-sensitive mixture described in any
one of the above 1 to 6, characterized in that the binder
a) contains a phenolic hydroxyl group.

8. The radiation-sensitive mixture described in any
one of the above 1 to 7, characterized in that the binder
a) is poly(hydroxystyrene), alkyl-substituted
poly(hydroxystyrene) or a copolymer thereof.

9. The radiation-sensitive mixture described in any
one of the above 1 to 8, characterlzed in that the binder
a) further contains one phenollc binder other than the
poly(hydroxystyrene).

10. The radiation-sensitive mixture described in any
one of the above 1 to 9, characterized in that the



10, - ot ‘nore photoactive conpounds shows advant ageous characteri stics

in-a resist. The m xture of the present inventi Oﬂ]llS(SMDHdsSIeé’lhg{

conponents a) to d) is.dissolved in an organic solvent.

the solid content is generally controlled 15 to the range

wei ght. An aliphatic ketone, et her or aest er, or any mx ure ereo

Is preferable as sol . vent . Partlcgl z greferab e_sol vg
p

t.h
al kyl ene gl ycol Cﬁﬁﬂ%’&“ﬁyﬁ’lét & £eprefente

nBERSRYL 2E PFBPAR and
al kyl ene glycol alkyl ether 20 esters such as
| - met hoxy- 2- pr opanol - acet aRé ( PGVEA)R? Ot her additives such as an
adhesi on- pronoti ng agent, | a crpsslinking agent, a colorant and a
pl asti ci zer 5can be f[@H-I@eR‘-eXI-eN}d]nt o the mI¥ure. I n order
to make the aci ds t @n ngigi) Iong wavel ength UV |ight
to visible Iight &gﬁlﬁﬁ £ é é < égkﬂ Slt Zer may be added, if

desired. A polycycli 8 is a %r‘@rm? o‘iﬁb%‘éihd such as pyrene or perylene is

preferably used as tR® sengic¢j-ox) alkyly grthirtloraehs adglagroup, sensitizer
can al so be used. 30 'Bhe %o& resi StNﬁ {;étlon cont aining the

radi ation-sensitive M #eur&O5r t ﬁr eSEnt ht 70 spi n- coat ed
onto a sui tlébl e substr dseanf dntegempbgreater thabhate SI I icon wafer so as to

forma resist layer H3Vi Ngnd radiation-sensitive mixture described in the
above 10, characterized by comprising 1 to 60% by weight of
com]éound bl).
12. The radiation-sensitive mixture described in any
15 one of the above 1 to 9, characterized in that the compound
b2) is represented by the following general formula V):

o

20 NYN
Y
25 wherein
_RT—O0—R8
Xis —N
“R9—0—RI0
30
in which

R’ and R’ are an alkyl group, and
- R® an'dl'Rli" are an alkyl group or hydrogen atom, and
35 Y is the same as the definition of X, or hydrogen atom,
a C,-C¢ alkyl group, a Cs; or C; cycloalkyl group, a C¢-Ci,
aryl group, a C4-C;; aralkyl group or a Cq-C;; acyl group,
and bonded with a triazine ring directly or through -0-,

]



thi.ckness of generally 0.1 to 5 nicron, preferably 0.5 to 3&s$maﬁk§3

and then dried (for instance, at a tenperature of 70 t lmwd
The resist layer is exposed i magewi se to light froma %mwm,l

source through a -

phot omask. After this inmgew se exposure, Thé&drasi st | ayer is

subj ected to baki tr osi z exp.
130[err] C for 180 to ég?secoh P ed gﬁa{pﬁ%?o?%§$§? ?ggﬁ%véPoﬁég @fgﬁg
al kal i ne devel op&yadisiadikyls gro@@ef erxﬂl groupt ainslkyl neteup iand @cylf group

i nstance, an mayaqjéegugsttg_ttﬁ%gat %#Dagy%ghug{mdgpﬂfkgép'éﬁdnp%r SR 1tERe

case where an aqueous tetranethyl-a hydr ox{ solution is
used, the concentd™-on thereof is preferably from1.0 to 4. 0% by
wei ght. The S esol uti aB.s iThd haegd tiveatgpeof ra@bst idibnsdhdi tiivd omixtlhite

deep W irradiatﬁ%&cribed in the above 12, characterized by comprising 1 to
50% by weight of the compound b?).
l4. The radiation-sensitive mixture described in any
one of the above 1 to 11, characterized in that the
10 compound c¢) is decomposed by light or radiation to form a
sulfonic acid.
15. The radiation-sensitive mixture described in any
one of the above 1 to 14, characterized in that the
compound c¢) 1s an alpha,alpha-bis-sulfonyldiazomethane

15 derivative represented by the general formula VIII):
R-S50,~-C~S0,-R" VIII)
N,
20
wherein R and R’ are an alkyl, cycloalkyl, aryl or
heteroaryl
group.

16. The radiation-sensitive mixture described in any
25 one of the above 1 to 15, characterized in that the
compound «¢) is the alpha,alpha-bis~-sulfonylmethane
derivative or a phenolic sulfonic ester.
17. The radiation-sensitive mixture described in any
one of the above 1 to 16, characterized by comprising 1 to
30 10% by weight of the compound c).



energy reqU|Led

I nvention is,

devel oped resi

treatnent is
resist pattern layer to a t enper atuB@ Fower than t atute

t her eof ,

and

froma xenon-

mat eri al

parts.

using the m xture

Ther eafter,

used d®raqueous P4 DERICI 1Y écﬂl?
In thi's prq%uctlon process

n-sensitive mxture of ————the—present

5 to 100 mi/cnferr 3 The
imﬂgmj ““ may be post-cured, 15 nRe taeea EN *
onsluct ed by heatlng, on 3y

ing the entire surface of the Iayer to I 'ght
T %lgl @p%ﬁﬁinﬁg( 200-250 nmregion). By 20 this
post-curing trkat nergositise-ayipe radibeionkayfEitive mixtwrFd Yonphengand

t hus |nparted
a tenperature 0

t S ce mhlch Is effective, in general,
%%%% it r%% éérﬁ nentﬁ

dn Be SPERPURL Qaﬂﬁ§ﬁ it least ope bopdeyhdsh $aspbe

fomléaﬁéaﬂby d&@aciy, etchlng of the substrate on which the

at

The preferable use of

the radi ati on-sensa}i @ebn:nszltemvh!eeh J.s)fz.rtsw.q.’aﬂesent waheerutnrsolulale €3 st
Qﬁ{ed circuits or various electronic

recordlng mat eri al produced by

resi st Iayer S rovi ded npl antati on of ions _inta the substrate,
or the separ &) % ?mPﬂ'éhﬂe"(qh’r h geneTaFesean #eid aden Heradiatgdyye
use, the radi a&andn-sensitive mxture of the present I nvention is

suitable for the ppduptyan Of; ddddi%m compound.

2. A negative-type radiation-sensitive mixture comprising
as essential components:

a) a binder which is insoluble in water but soluble in
an aqueous alkaline solution,

b%?). a compound having at least one bond which is
crosslinked with the compound a) by an acid, '

c) a compound which generates an acid.when irradiated,
and

d) a basic iodonium compound.

3. The radiation-sensitive mixture according to claim 1 or
1, wherein the compound d) is an iodonium-sulfonic acid
salt obtained by adding a sulfonic acid to a solution of a
basic iodonium salt.

4. The radiation-sensitive mixture according to claim 3,
wherein the sulfonic acid is an alkylsulfonic acid, a
partially- or fully-fluorinated alkylsulfonic acid, an

" arylsulfonic acid, or an: arylsulfonic acid substituted by

a halogen, alkyl, alkoxy, nitro, cyano or alkyl halide
group. )

5. The radiation-sensitive mixture according to Claim 1 or
2, characterized in that the amount of the basic iodonium
compound d) is from 0.01 to 2.00 mol equivalent to the
maximum amount of an acid which can be theoretically formed



35 printingptates—m— - Ref erence Exarrpl e =

Met hod for e gl ycol nononet hyl ether
sol ution of bjmﬂlqmﬂimmhl]odom um hydr oxi de: is S FibsHeln &
- 16 - g a length of 55 cm and an ““ “H“Hull

dianmeter of 5 cmis filled with 700 g of 3wberl|yst RA-26
of chloride. For this purpose, the resin is di spersed i n net hanol and

t he resultlngbd’ %Q%WW%C) poured into the colum. 3 liter of
met hanol is added to 3 liter of a 0.54 N solution of

converted 51 1RB TSGR TR A BTG PRECFHIST PR AP © OF

solution. 10 2, wherEha cheudDffasios hefl am tdeidl Iprioduceld byt Raddaktiohi,|
and the progress of dark reaction caused by the acid
diffusion are controlled by neutralizing the acid with the
basic iodonium salt.

7. The radiation-sensitive mixture according to Claim 1 or
2 , characterized in that the basic iodonium compound d) is
one of the compounds represented by the following formulas
I) to III):

[IRIR2] +x~ I)
Y~
PO~ -
R4 ! , R3
i
[ C—CH,—R7 7x- 1119
RS RO
. wherein

R .and R%. each i_;l_dependently represent C,-C;g "alkyl,
aryl, .hetero'aryl-, 61_: ‘ aryl ‘'which is mono-, di- or
tri-substituted by alkyl, ' alkylaryl aryl, a halogen,
alkoxy, phenoxy, thiophenol, phenylsulfonyl or
phenylsulphenyl;

Y represents [CH;], where n is 0 or 1, O or S;

R? and R® represent C,~-C, alkyl, alkoxy or a halogen;

R’ and R® represent C,-C, alkyl, alkoxy or a halogen;

n is 5 or 6;



the pM of the washing—beecores—neutral. 1.8 mol (1.0 g) of i

bi s(t-butyl pheny rifluorate is dissolved Thiﬁ %HvsIBee
of net hanol , lm ﬂm[ﬂs‘u Il&n i s added on the col umm.
speed is 30 m/h, nmoni t ored by neasuring
ration

di fference or W absorptlon The base centInt- S rreasured by t|
using 0.1 N HCL. By the neasurenent of the base content, the exchange
rate was found to Bel§3275Rstke andonambosies piBayerlaeed.(Exom | +3 ate ot5f y

evapor at or undandr esitiCexba¥es D hydzo enSuae&ﬁS'df?' %R 188 fr@iSUhh?“tbéS
substituted w % PGVEA sol uti on of

bi s(t - butyl phe%@?ﬂg E ﬁ?ﬂnpﬁygr'&?l ﬁ%n(‘@’f‘l—l}mi‘%rﬁ%ﬂ y obt ai ned.

Even when the oetaambktiuserepl ewedoni nbr@Sof tRESPYE@RSowd£o! mononet hyl
ether, the BPIH concentration of the solution is not changed. A

sol ution of diphenyl I odoni um hydr oxi de and that of 4-nethoxydi phenyl
i odonum ydﬂ&ﬁ gadigtdoprepasétiive mhrtesnewmaomirthichg ta0Claim 1 or
Exanpl es chTeh?aéi‘.ElL%&‘Q. %ﬁé?'ﬂ% TGS Euﬁ&‘il?@ﬂe'@offowxng

ol oW 10 B gy

R! and R? each independently represent methyl, ethyl,
propyl, isopropyl, butyl, phenyl, benzylbiphenyl, toluyl,
xylyl, chlorophenyl, bromophenyl, methoxyphenyl,
ethoxyphenyl, propyloxyphenyl, butyloxyphenyl,
tert-butyloxyphenyl, phenoxyphenyl, thiophenoxyphenyl or
phenylsulfonylphenyl;

Y represents [CH;], where n is 0 or 1, O or S;

R® and R' represent C,-C, alkyl, methoxy, ethoxy,
chlorine or bromine;

R’ and R® represent C,-C, alkyl, methoxy, ethoxy,
chlorine or bromine;

n is 5 or 6;

X represents a hydroxyl group, RO" (R = C;-C, alkyl),
RCOO™ (R = C;~Cyy alkyl, aryl, alkylaryl) or OCOO"; and
at least one hydrogen atom of R! to R® may be substituted
by X to form an inner salt, and X which consist of basic
functional group and R may combine with R! to R® with or
without interposing R.

9. A radiation-sensitive recording material comprising a
substrate, and a radiation-sensitive layer provided
thereon, where the rad.LatJ.on sens:.t:.ve layer comprises a -
rad:.at:.on-sens:.tlve mlxture aqcordz.ng to claim 1 or 2.

10. A method for producing a basic or non-basic iodonium
compound, using ion-exchange chromatography, having the
following characteristics:

a) an exchanger resin is Amberlist having a quaternary
ammonium group, '



—_—
Pol y[ 4- hydr oxystyrene—co-4—hydroxy- 3- net hyl styrene] 35 (2:1 copol yner) *l

el

Rlerr] = n-propyl, 33 =

O CO, n: I\/[err] :2500 nol / g,

M err] IMerr] > obj the exchangepresdin is comyextetd Gnto an OH form by

Bi s(4-chlor Ophepalﬁﬂdﬁwﬂ-@oimg.ﬁéﬂ% conta:.ml.n ndkeadhiive; 6RTPeYEd Do

nyl)iodoniumtrit
10 Bi S£:4t gﬂtyléiuee t)J.S water, or a polar or non-polar

organic solvent.



Phot oacti ve éorrpound E: Tri phenyl sul foni umytriflate

Phot oact i ve conpound F: Tri br ononet hyl phghy (Thi Bee§ Replaced
Sol vent: 1- Met hoxy- propyl enegl ycol - 2-acetate (P ”
A

A)
conponents of a radiation-sensitive mxture to be iest
expressed in parts by weight. ABSTHAGITUE THE BTECE, E _.
radi ati on-sensitive m xture having the foll ow ng ornul ati on was
prepared. In Exanple 6, 0.02 part of Phot oacti ve conpound D was
further added to the RADIATHONSSENSITIVE MIXTURE Pol ynmer A
1.40 parts by weight 25 Poly-N, O acetal B 0.70 part by
wei ght Phot oacti ve conpound C 0.04 part by wei ght
PGVEA 8.00 parts by weight Thi s sol ution was

~filtered through a 0.2 n#ddagion-sensitivemixindet fon use nncthecpradnarion
silicon wafer whigh %hicqﬁtﬁfhi&e%lﬂh@h’h&ea&ﬁﬁc?&%% % hydil ¢4 %@nd

X
serving as an adhesi on pronoti ng agént, 1 )i mng a uniform
| ayer having a tEKheEeSOLutianer iichncamibe wWeyeloped Y edn( sagyeocus

baking) on ashot PlrdEimé sbAtbhl, GA@WHICh is bas€d UiflR ndvd1lt 86Acept in

subjected to ' RO eaeégggféeécj:@ Ifatént image is controlled by using a
radiation-decomposable base.

The mixture is characterized by comprising as essential

components a) a binder which is insoluble in water but

10 soluble in an aqueous alkaline solution; b!) a compound

having at least one bond which can be cleaved by an acid,

or b?) a compound having at least one bond which is

crosslinked with the compound a) by an acid; c) a compound

which generates an acid when irradiated; and d) a basic

15 iodonium compound .



35 . exposure was conducted by using a 248 nm KrF exci mer
a<Ni ken exci ner stepper having a nuneri cal aperture
masks kavi ng various pattern

sizes. The delay tinme between the exposure and the b

after the exposure (post-exposure Baki ng, PEB), and the del ay time
bet ween t he baki ng and nt . _are_inportant process
paranmeters. In 5 this exﬁgﬁﬁﬁgﬁs& §%§§§Tﬁaﬁaylﬁl were kept shorter
t han 2 mnutes, unless otherw se indicated. The post-exposure

baki ng was normal |y CO”dUCt%ﬁc%bRﬁ%hﬁfBbCTh%r;QQEﬁ%EBRdS The waf er

exposed was devel oped by i nrers++g H 239 % (0.265 N)
tetranethylannDnFBﬁ1H?&FG%FdéngépﬁﬂpﬁnrelétesTﬁé ﬁegaﬁtsﬁfmﬁtﬁﬁéaérlntlng

was evabuat edehgithiee to ateivhttioanr@lsl 1MbirBepapdishage1y’,esqkution

mai nt ai ni ng present invention relates to a radiation-sensitive
mixture for use in the production of semiconductor
elements and masks, having high sensitivity and high

resolution, capable of being applied to a method useful
10 for the formation of both positive and negative patterns,
in which an acid generated by the irradiation of KrF
excimer laser beams, in particular, X-rays or electron
"beams is chemically controlled.
Radlatlon-senSLtlve mixtures are conventlonally known
15 in themselves. In particular, a positive-type mixture
has been commercially used as a resist material:
~containing o-quinonediazide and a binder soluble in an
aqueous alkaline solution, such as poly(4-hydroxystyrene)
or novolac. However, such a system has insufficient
20 sensitivity and resolving power to radiation, in
particular, short-wavelength radiation. Since novolac
has a high intrinsic absorption in the UV-2 region
(220-300 nm), it is unsuitable as a binder which is used
in a single-layer resist material to be exposed to deep
25 UV light (220-300 nm). In contrast, poly(hydroxystyrene)
(PHS) is characterized by having more advantageous
absorption characteristics in the UV region, higher
thermal stability and higher resistance to dry etching.
A positive-type radiation-sensitive mixture for uv-2
30 in which PHS is used as a binder having a side group
sensitive to an acid is known by, for example, USP
4,491,628. Further, it is also known that the radiation
sensitivity of a radiation-sensitive mixture is enhanced
"when a compound capable of discharging, by the action of
35  radiation, an acid which has a catalytic action on the
secondary reaction is added to the mixture. Examples of
the compound which produces a strong acid by the action



. . I REPLACEME TSHEE
li'nearity) attained. In a delay tinme test, the delay ting H K

the ¥ exposure and the PEB was changed, and the devel o
conducted right after the PEB. The results obtained were

the loss (slimmng) inline width, which is the relative line width of
the obtained pattern to that of the2pattern obtained by applying the
sane dose w t hout giving delay tine. 20 These exanpl es are
summari zed |ﬂftﬁéd+BFFeﬂnhgcgaﬁeedlazonlumtsaétﬁ@t9bognhpninncsaﬂn8bhe

tabl e means supfiohpamt bukts, iod6ADNRMUBALts, nitrobenzyl esters,
- 19 - phenolic methanesulfonates, diazo compounds, halogen
compounds, bissulfonylmethane compounds and
5 bissulfonyldiazomethane
compounds.
In the paper "Important Process Parameters in Acetal
Deep UV Photoresists" ("Progress in'Technique and
Treatment of Resists IX" edited by Anthony E. November,

10 Proc. SPIE 1672, 33-45 (1992)), H. Reschelt, et al.
describe a positive-type radiation-sensitive mixture
which contains a PHS copolymer, a compound capable of
generating an acid, and an O-acetal-type oligomerization
inhibitor. This photo-sensitive mixture has a

15 shortcoming in that it is extremely sensitive to the
non-stableness of an acid latent image. The problem of
.an unstable acid latent image is an essential problem for
a novel resist material which fulfills its function
according to the principle of chemical amplification.

20 This problem has been fully discussed in some technical _
literatures, for example, "Airborne Chemical Contaminants
for Chemically-Amplified Resists" by S. A. MacDonald, et
al. ("Progress in Technique and Treatment of Resists
VIII" edited by Hiroshi Ito, Proc. SPIE 1466, 2-12

25 (1991)). L. Shlegel presents, in his studies, a problem
of diffusion in chemically-amplified resist materials (L.
Shlegel, et al., Jap. Journ. of Applied Physics Series 5,
presentation at the International Conference on Micro
Process in 1991, pp. 175-180). The mean moving range of

30 an acid which acts as a catalyst is equal to the size of
a pattern to be resolved in a resist for 240 nm, having
high resolving power. 1In Jap. Journ. of Applied Physics
(Vol. 30, No. 10, October, 1991, pp. 2619-2625), J
Nakamura describes a method by which the diffusion length

35  and diffusion constant of an acid in a
chemically-amplified resist can be determined. This
basic physical phenomenon limits the resolving power in a



Table 1 5 Exam PAC1 PAC2  Basic RO — L. 1 |
dbse 3 Loss(9% in pl e Parts  Parts i (dBEPRLAFEMENT SHEET
additive required to line wdth No. y 2¥}J®§ kg@
additive as concentration obtain when del ay Date . &.%...5. wer-ght-
weight 0.1 nmol/g to total PAC  maxirnmdnr time bet Wweem

solution in congen ation i ne-resol ution exposure_and 10

PGVEA i@?‘amPﬁﬂﬁéﬁFeﬁr?yem whicphpgs paggicularly

Maxi mum sensﬂt1¢€ Bo[ ehe] bhange in an acid latent image due to

| i ne-resol ut S

([err]m iQQ lg$ bggiler te:actLVﬁBﬁgn energXOneThe reSlSﬁone

18 desprilbed by H. Réschert,et al. in "Progress in

0.50 s Technidue an% freatmentO8e Re§£§£é iR ledited BY Anthony0 3612
17 E. November, Proc. SPIE 1693 y33réaoh}%%;20has the

phenyl)
hydr oxi de - following unf&vorable (propertiesedueBts(¥héeptoblem o040
3034 diffusion when no addltlvezls %sed }herePthl

1) resolving power is only 0. 5 micron or less;
10 2) high resolution can be attained only by the
unfavorable deflection of straightness;
'3) latitude in exposure is very small; and
4) stébility to delay time between exposure and
post-exposure baking is extremely poor, and a
15 drastic linewidth change undergoes in a non-
exposed resist area.
| SUMMARY OF THE INVENTION
An object of the present invention is to provide a

novel mixture for use in the production of

20 semiconductors, which has high sensitivity to light in
the region of radiation, such as short-wavelength UV
light, X-rays and electron beams, which can be developed
by an aqueous alkaline solution, and which can have a
stable acid latent image therein.

25 The above object of the invention can be attained by
a radiation-sensitive mixture which comprises as
essential components:

a) a binder which is insoluble in water but soluble
in an aqueous alkaline solution,

30 b') a compound having at least one bond which can be
cleaved by an acid, or b?) a compound having at
least one bond which is crosslinked with the
compound a) by an acid,

c) a compound which generates an acid when
35 irradiated, and’
d) a basic iodonium compound.
One compound or a mixture of two or more compounds are



i-odoni um 25 hydr oxi de . ]

G i hone Bis(4-tert- 50 24 EPLACE;\#E?T SHEET
2 butyl - 0. 32 a2 8 6CT 1996
phenyl ) ) | Odonl um 30 ................................
hydr oxi de 5 C -ndne  Bis(4-tert- 60

30 8 T 2 "~ butyl -

0. 34 used as each of the above coppepgpfs a) to d).

i odoni um 35 In the present invention, on8ydforxhdecompounds 6

C . D | wtart- 3 . 9

5 1 repg%?%}ﬁpgﬁ Ly the gggeral formue,;%OI,) to III):

phenyl ) i odoni um 40

hydrOXl ge [IR1R2]+X_ : I)

I)

10

15

wherein o
R! and R? each independently represent C,-C;; alkyl,
20 aryl, heterocaryl, or aryl which is mono-, di- or
' tri-substituted by alkyl, aryl, a halogen, alkoxy,
pherioxy,_ phenylthio, . phenylsulfonyl or phenylsulfinyl;.
Y represents [CH2]ﬁ where n is 0 or 1, O or S;
R® and R* represent C,-C, alkyl, alkoxy or a halogen;
25 R®> and R® represent C,-C; alkyl, alkoxy or a halogen;

X is a basic anion whose PKB value is from -3 to +5;
and at least one hydrogen atom of R! to R® may be
substituted by X to form an inner salt;

30 or a mixture of two or more of these compounds is
preferably used as the basic iodonium compound d).

The incorporation amount of the basic iodonium
compound is from 0.0l to 2.00 mol equivalent to the
maximum amount of an acid which can be theoretically

35  formed by the compound c). _ _

All of those iodonium compounds which fulfill the

following requirements are suitable: '



= 20 - Exanmple 7 A radi ation-sensitive

frol | owi ng formul ati on was prepar ed:

of 2.00 parts by weight 5 whi ch the phenolic { 93

group was substituted by 40 %with a tert- ﬁ e A |
but yl oxycar bonyl group 10 Phdt gacti ve conpound=E=0-05part by
wei ght PGVE . . 8.00 parts by weight

BPI H as 1) f“£i§?§%l“ble in a resigty mmpl /g PGVEA sol ution

(50 % by nol e b&yed havimke siffficiently hdrghrthedimadomyralid iEy;n and
the resist) 3) havihy & PHU Wl ildeE £V A 0.2 mcron

In the general formulas I) to III), particularly

5 preferable conditions are as follows:

R! and R? each independently represent methyl, ethyl,
propyl, isopropyl, butyl, phenyl, biphenyl, toluyl,
xylyl, chlorophenyl, bromophenyl, methoxyphenyl,
ethoxyphenyl, propyloxyphenyl, butyloxyphenyl,

10 tert-buthyloxyphenyl, phenoxyphenyl, phenylthiophenyl or
phenylsulfonylphenyl;

Y represents [CH,], where n is 0 or 1, O or S;

R® and R* represent C,-C, alkyl, methoxy, ethoxy,

_ chlorine or bromine; .
15 R® and R® represent C,-C, alkyl, methoxy, ethoxy,
chlorine or bromine;

X represents a hydroxyl group, RO" (R = C;-C; alkyl),

RCOO™ (R = C,~C;o alkyl, aryl, alkylaryl) or 0C0C"; and

20 at least one hydrogen atom of R!' to R® may be substituted
by X to form an inner salt, and X which consist of basic
functional group and R may combine with R! to R® with or
without interposing R between the basic functional group
and one of R! to R, such as diphenyliodonium-2-

25 carboxylate.

Onium salts such as ipdonium salts and sulfonium
salts are well known by technical literatures, and
technically very important as photochemical
polymerization catalysts. The outline of the use of

30 onium salts in resist materials is given by Cribelo in
Org. Coatings and Appl. Polym. Sci., 48, pp. 65-69
- (1985). The synthesis and photochemical properties of
onium salts are summarized in "Cation Polymerization -
Iodonium and Sulfonium Salts Photoreaction Initiatoxrs",
35 J. V. Cribelo, Progress in Polymer Science 62, published
by Springer, Heidelberg, Berlin in 1984. o
A method by which any iodonium hydroxide can be prepared,



friter, and then spin-coated onto a silicon wafer V\/mch

pte-treated by hexanet hyl di sil azane serving as esl on pr

Fg‘] Réda/*%@%HEET “

g
agent, thereby formng a uniform | ayer having a th GF ____________________ 19@5_
m cron. The wafer was dried (soft baking) on a hot:pl ate at )
for 60 seconds, and then subjected g o |mageW| se exposure. Thi s 25
exposure was conducted by using a 248 nm rF exci mer. laser with a

Ni kon exci Ime fynielr@d ROmgeRM ' d test
masks havi ngW X de) ste’ eqﬁled 'Fhom %%H; be \}%gne

viﬁ:gllousapittern S|zes
exposure and™ Lons: AL b psed dn the Wmte j(Qi?t%’t‘»‘-lé’noosur e
30 baki ng, TPEB) meniba hiss dettnyente ke Jm;imﬁ o atply s the t he

devel opnent o . .@ﬁg; ﬂ@p eH

t hese del ay %ra%sdm\j\g{nte% rg&{ of e g’rese X lf;wse e"Ze%'ss 0 ervm se
i ndi cat &d. Tﬁ@eb§§ﬁué%ﬁﬁgﬁﬁ¥9r te°hq9%99ﬂg mdglﬁ%M#mW39ﬁqgonducted at 90C for
60 seconds. %n-eﬁaﬂxa@i‘eerc g\ h@erd With @ Rjodakd dd i N

tetramet hyl a e sqlu éé The r.esol ution of the
resist materia ﬁbs evqﬁgg%%d i hg% lé@%&%?%ﬂ§ﬁﬁép BaVERS %f the above
exanpl es. AQuaternany, ammonium gresiphden prefietabilat alshansanme i nprovenent

- as attained 4@n-exdchably® HRM% XA nAP1¢,Pend! 13nle%change resin

10 can be converted into a basic form by using any
tetraalkylammonium solution having a basic counter ion.
In particular, tetramethylammonium hydroxide is suitable.
Water, an alcohol, tetrahydrofuran or a non-polar organic
_ solvent is suitable as the eluent. Methanol or ethanol
15 is particularly preferred. '
In principle, in the preparation of an iodonium
- hydroxide, a corresponding halide is used. However,
other anions such as metal fluorides of a domplex,
tetrafluoroborates and hexafluorophosphates can also be
20 - used. An iodonium salt is dissolved in a small amount of
an eluent, and the solution is added on an exchanger.
column. Elution speed depends on the size of and load on
the column. However, it is substantially lower than that
in- the case where a strong electrolyte is ion-exchanged
25 by ion-exchange chromatography. This is because it takes
more time to equilibrate the column to a theoretical
standard than to do so when a compound is strongly
dissociated in an eluent. “ :
The base content of an eluate, which is determined by
30 titration, agrees with a theoretical value. The
titration curve of bis(t-butylphenyl)iodonium hydroxide
in water/methanol containing 0.1 n HCl clearly exhibits
buffer characteristics in the region of pH = 7.
Therefore, bis(t-butylphenyl)iodonium hydroxide is not a
35 strong electrolyte in a solution, contrary to our
expectation, but an amphoteric molecule. .
The above-described method can attain an exchange



-"21- Exanpl e 8 A radiation-sensitive m xtur j e
foll owi ng formul ati on was prepar ed: r‘¥ﬁﬁ@__ rt SHEHTe ||
of 2.00 parts by weight 5 whi ch the phenolic g ﬁﬁﬁ \
group was substituted by 40 % with silanol || g 3. c2i 00 b
group 10 Phot oacti ve condedHHE 0. 05 part byhﬁéggé}x:f:mzz===v-~
GVEA 00 parts by wei ght . BPI H as,
&Fs)o % _rate of o?i-'gf’fmu ® © @RAReFLies of a basic (BRABIRM o e
based on thesall®x solution camthetstoidicabhyow il Epectrophotometry. t he

resist) The position and absorptance of the absorption maximum

are not changed as compared with the non-basic iodonium

S salt used. Therefore, the effect of this anion on the
absorption characteristics of an iodonium chromophoric
group is small.

Successively, the eluent can be replaced by any other
suitable solvent by evaporating it under reduced

10 pressure. . _

By this method, a solution of an iodonium hydroxide
in a solvent having a specific concentration, suitable
for a resist formulation can be obtained.

It can be proved that the iodonium hydroxide level in

15 the solution is constant by titrating the base content of
the solution at various time intervals.

As mentioned above, the method of the present
invention regarding basic iodonium salts is not limited
to the préduction of hydroxides. Other basic or

20 non-basic solutions can also be produced by means of
ion-exchange chromatography depending upon the pKB value
of the anion thereof. However, any other basic or
non-basic compound can be readily obtained from
hydroxides by simply adding thereto a conjugate acid.

25 -

30

35



This solution was filtered through a 0.2 mcron filter, and then

spi n-coated onto a silicon wafer which 20 had been pre vg¥i HEETb
hexanet hyl di si | azane serving as an adhesi on pronot} J%ﬁiébﬁ‘ 'E%Eeby
formng a uniform | ayer having a thickness of 1 nlcr 2 tla

dried (soft baking) on a hot plate at 129[err]C for 60 ﬁ .
then subjected to |nagemﬁse exposure. This 25 exposure Was conducted by

using a 248 nm KrF laser with a Nikon exciner stepper having
a numerical 1) [R kd*&ﬁio+§ﬂ3aﬁ@ﬂtest masks havi ng various pattern
sizes. The delay ti etween the exposure and the baki ng conduct ed
after the exposure (post-exp e 30 baki ng, PEB), and the delay tine
bet ween t he baking ang—> [R bdFeIQmpusit are i nportant process
pararretfrs this ex ment, these delay tines were kept shorter
t han 2 n1nutes unl ess otherw se indicated. The post-exposure

baki ng was nornallﬁggigg:cted at 70[err]C for 60 seconds. 35 The wafer

exposed was ve 0 oRe t et ramet hyl ammoni um
hydr oxi de sol 2t| EW?EFI H(j--t(:dr)esol ution of the resist material was

eval uated in the sane er as that of the above exanples. As a
result, it has begp ff q@T+;QE4§§nqilnprovenent as attained 40
intrmiébove exanpl es coul t"al ned.
3) [R b It OH™ + HO—-SO2 —R'
15 —» [R: pIF-0—-S0O2—R'

It is extremely easy to obtain iodonium salts having

any anion by the above method, using a suitably-prepared
20 ion-exchange column, or by back titration of a hydroxide
solution with a corresponding conjugate acid.

The technical merits of the above method are as
follows:

1) operation can be conducted in the absence of

25 metallic ions;

2) an iodonium salt which is unstable in a separated
form can be produced, and used in a radiation-sensitive
mixture; and '

3) an iodonium salt which cannot be produced in a

30 pure form can be produced, and used in a
radiation-sensitive
mixture.

The method for producing a basic iodonium hydroxide

solution is particularly suitable for simply producing an
35 iodonium acetate solution by the hydrolysis of an ester.
Propylene glycol monomethyl ether acetate (PGMEA) is a



-22- Exanpl e 9 A radi ation-sensitive ni x{{uREPIAREMENT BHEET
fol | owi ng formul ati on was prepar ed: 5 30thydroxystyrene
of 2.00 parts by weight whi ch the phenolic _1123 QR;UﬁHB ......
group was substituted by 40 %with tetrahydro=——

pyranyl group 10 Photoact+v% tonpound E 0.05 part by weight
PGVEA 8.00 parts by weig BPI H as

50 % prefergple m}v@mpm}g@mﬂﬂﬁ; technology. When the

10

15

20

25

30

35

eluent of a basic iocdonium hydroxide solution is replaced
by PGMEA, the ester cleavage of the solvent occurs, and

" is completed in a short time.

A basic anion reacts with a phenolic binder by
acid-base reaction in a resist matrix to become a
polyphenolate anion. An acid to be diffused in a
non-exposed area is neutralized with this anion.

To our surprise, weakly-basic anions such as
acetates, and ordinary carboxylic acid anions are also
suitable. They have buffer action on an acid to be
diffused in a non-exposed area, and do not have a
catalytic reaction on the hydrolysis of an acetal.

‘By this, an acid latent image is stabilized; resolution
capability in lithography is improved; stability to
delay time is enhanced; and operation range (latitude in

~ exposure) is increased.

To add a basic compound to a radiation-sensitive
mixture which is treated by chemical amplification is
contradiction in itself because not only an acid to be
diffused in a non-exposed area but also an acid which is
present in an exposed area is neutralized with the base,
but an acid is necessary for catalytic reaction in order
to make difference in solubility.

Basic iodonium hydroxides have such technical merits
as compared with non-photoactive basic additives that
they are photoactive in themselves and that they are
neutralized in an exposed area. For this reason, it
becomes possible to add a large amount of a base to a
resist without drastically decreasing the radiation

.sensitivity of the resist.

A binder containing a phenolic hydroxyl group is
suitable as the binder a). Poly(hydroxystyrene) has high
thermal stability and high resistance to etching, and is
highly tiansparent to UV light in the 248 nm region, so
that it is particularly suitable. Particularly suitable
binders are poly(4-hydroxystyrene), and a copolymer of



5 (50 % by nol e based on the '
in ! the resist) : This solution wa tgé dat-hr aiggh
0.2 micron filter, and then spin-coated onto a silli¢pp Wafe - Ahiicn...2
had been pre-treated by hexamet hyl di silazane serving as - aR--adhesT-61F -
pronoting agent, thereby formng a uni Totfh = | ayer having a thickness

of 1 mcron. a '_ dried ,(sqft .bakin on hot plate at
120[err]C fopggg(wakgh;ggibﬁ5§Fe d PﬁghaQEK'ébeagiguFﬁggemﬁse exposure.
This 25 exfobydroxystyrengst ednbpagsiicylarz4gopalympraégci mer | aser

with a Ni konpgigiaehydtkeRpetytaneldod 414N Fcb?:?LB-meth]yig‘E tdh@10hn@ 50 and
t est masks havh§?4! rious paftern i zes: he defla me between the

T : |
exposur e andPP YdrB&WgﬁgrEBRdGEFédhXPFéﬁyfﬁe5é§bﬂ§%ﬁ¥l€§8§?n§iposure
30 baki ngar@EBhitabdet.he THel mapnbmee ratweecsahhbebekangednbetween t he

devel opment "apg LAROBLAN! ROREGSS PIHAEBLEESto! fotain obBifufXPeriMeNt,
these delay LI nmes_were kegt shortér "t han m nut €S, unl ess otherw se
i ndi cat ed. TH&SPBINtéQBoShaEacterispirEngawBenABRRaFaieonfudtddtat

_7?[_6;] r]C fori1e@ s'ecpaﬁ?iicaig;lyT egrﬁai-gsdexpi@éeda Olgﬁéﬂ ﬂgﬁéihy tHBer si ng
Lesglution o%giﬁggiégysgggg?éﬁréPyﬁ&gééngﬁgtg&kgﬂ ?ﬁegg%élopgﬁnésnanner as-
that o010t he mosteivpanphrat. Bheamodechlar weight MW of the binder is
from 3000 to 100,000, preferably from 8000 to 30,000. It
is necessary that the degree of dispersion of the binder
be 2 or less. ) |
The hydrophilic nature of a resist matrix is
15 controlled by blending poly(4-hydroxystyrene) with other
phenolic binder. To blend with PHS, alkyl-substituted
~ poly(hydroxystyrene), in particular, '
poly(4-hydroxy-3-methylstyrene), or novolac is also
- suitable. _
20 A compound having at least one C-0-C or C-N-C bond is
preferably used as the compound bl) having at least one
bond which can be cleaved by an acid. a compound
suitable as such a compound is one represented by the

2 | ABEMESITSHEET g

—

e

general formula IV)s
25 - R? r®

| l
[CH-O-R'-X-N-1], IV)

wherein R’ is a C;-C, alkylene group,
R® is a C;-C, alkyl group, '
30 . R? is a C,—Cjo alkyl group or an aryl group,
X is -CO-, -0-CO- or -NH-CO group, and
n is an integer greater than 1.
Poly-N,O-acetal which is obtained by acid-catalyst-
- reactive acetal exchange, using a dimethyl acetal of a
35 . corresponding aldehyde and a corresponding alcohol
component is chemically important. The degree of
condensation and molecular weight distribution of the
poly-N,O-acetal can be controlled by the polycondensation



it has been found that the same inprovenent as attained 40 in the above

eXanpl’es coul d be attai ned. PL i
Exanpl e 10 A radi ation-sensitive mxture having t e f ﬁF??‘aM SHEET l
formul ati on was prepar ed: ol yhydr oxyst yr ene {bfyg:a2. t i
by weight 5 whi.ch the phendl i"\f ‘ge.oup. %g BEIT 1?_9§_
substituted £ by 40 %with tert-butyl ester group
10 oﬁﬁid‘t 0S8 ve conmpound E 0.05 part by wei ght PGVEA

8. 00 parts by wdi giompound having atBRleldsis one C-0-C bond widoh can
be crosslinked with the compound a) by an acid is
preferably used as the compound b?) having at least one

5 bond which is crosslinked with the compound a) by an
acid. Suitable examples of such a compound include the
'following compounds s

a heterocyclic aromatic compound represented by the
general formula V):

10
'XYN X
Z \[r .
' '/
N\\l/N )
15 Y
wherein
_R—o—r*
Xis —N
20 “R2_o—RI3
in which
R” and R are an alkyl group, and
25 RY and R¥® are an alkyl group or hydrogen atom, and

Y is the same as X, or hydrogen atom, a C;,~C4 alkyl
group, a Cs or C¢ cycloalkyl group, or a substituted or
unsubstituted or oxygen-, nitrogen- or sulfur-containing
C¢-Ci2 aryl, C4-C;; aralkyl or C,-C;, acyl group;

30 a urethane formaldehyde resin represented by the
general formula VI):

35



01 'nmol / g PGVEA sol ution ' (50 % by nol e ba

amount« of conpound E in - ' t he resist) REPUAGSVSOT BHEEN
was filtered through a 0.2 mcron filter, and then|spin- thGToﬂmﬁ al]
silicon wafer which 20 had been pre-treated by hexanet hly bghesia. & ;anﬁ ............
serving as an adhesi.on pronoting &Sent t her eby fons 7

| ayer having a thickness of 1 micron. The wafer was dried (soft

baki ng) on a hot plgporit 120[err] C for 60 seconds, and then

subj ected to i magew]se exposure. This 25 exposure was conducted by using
a 248 nm Kr F excig@N laser with a Nikon excimer stepper having a
nuneri cal CE@perF\Kﬁﬁpf 0.50 and %g3t masks having various pattern
si zes. The del ay| ti me Hetween the exposiure and the baki ng conduct ed
after tgshe exposyye (popt-exposure 30 baki ng, PEB), and the delay tine
between the b |ﬁgcg56 ~ g devel opnent are inportant process
paraneters. b this éxpérinent, these delay tinmes were kept shorter
t han 2 QR&es, unl ess ot herw se indicated. The post-exposure
baki ng was nornmal |y conducted at 90[err]C for 60 seconds. 35 The waf er
. exposed was devel oped by immersing it in t et ramet hyl ammoni um
hydr oxi de sol ution(0.15N). The

10 wherein R is an alkyl group or hydrogen atom; and

a crosslinking compound represented by the general
formula VII):

(R¥ -0-R!") -A~ (R}"-0-R¥), VII)
wherein
15 A is -B-(2Z),~ or -B~2-B-, in which B is a substituted -

or unsubstituted, mononuclear aromatic hydrocarbon
.compound or heterocyclic aromatic compound containing
oxygen, sulfur or nitrogen atom,
and Z is direct bond, C,;-C, alkylene, C;-Cy
20 - alkylenedioxy or a substituted or unsubstituted
phenylene, in which Z may be interrupted by nitrogen
atom, -NH-, -O~, =S§-, ~§0;-, -CO~, =-CO,-, -0CO;~, —-CONH~-
or -0-C¢H,0-; '
RY and R¥ are hydrogen atom, a C;-C; alkyl group, a
25 C,-Cy aliphatic unsaturated carbonyl group, a Cs or Cg
cycloalkyl group, a substituted or unsubstituted Cs-Ci2
aryl, C¢~C,, aralkyl or acyl group;
R!” is a C;-C, alkylene group in which the chain may
be substituted by nitrogen atom, -0-, -CO- or ~-CONH-, or
30 a substituted or unsubstituted phenyl;
n is an integer of 1 to 3;
m is an integer of 0 to 3, provided that n + m is at
least 2; and
p is an intéger of 0 to 3.
35 A compound having R-O-CH,-R’ bond in its molecule is
preferable as the crosslinking agent b?), and a compound
containing (R-O-CH,R’)-N group, represented by the



resolution of the resist material was evaluated in the Rsﬁﬂnrawaﬂ@ﬁ§
that of the above exanples. As a result, it has begn found tBE& |
a aﬂﬁﬁd

sanme i nprovenent as attained 40 in the above exanpl es mm%ai&
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havi ng t he

Exanpl e 11 A negative radi ati on- senSFEFeETTcHE-a
foll owi ng fornul ati on-wds prepar ed: 5

Pol y( 3- met hoxynet h I- 1. 60'£arts by wei ght - 4-hydr oxystyrene)
p

hexanet hoxy rRmg¥Fa formula

10

15

20

25

30

35

)tlﬁypthbﬁglarly preferred.
Suitable examples of the compound c) which generates

an acid include diazonium salts, iodonium salts,
sulfonium salts, halogen compounds and
ortho-quinonediazide-sulfonic esters. In general, the
above onium salts are used in the form of salts soluble
in an organic solvent; in most cases, they are used as
tetrafluoroborates, hexafluorophosphates,
hexafluoro-antimonates, hexafluoroarsenates, or
sulfonates such as trifluoromethylsulfonate or
hexafluoropropylsulfonate. Among the halogen compounds,
triazine, oxazole, oxadiazole, thiazole and 2-pyrone
which are substituted with a trichloromethyl group and/or
a tribromomethyl group are preferred. Besides these
compounds, a halogenated, in particular, chlorinated or
brominated aromatic compound is also suitable as the

. acid-generator.

Those compounds which generate a sulfonic acid, and
have high thermal stability and good absorption
characteristics are preferred. '

Particularly preferable compounds are phenolic
sulfonic esters, bissulfonylmethanes and _
alpha,alpha-bissulfonyl- diazomethanes represented by the
general formula VIII)

R‘!-soz-ci-soz-n 19 VIII)

wherein R®and RHFZach independently represent an alkyl,
cycloalkyl, aryl or heteroaryl group.

This is because these compounds have high acid-generation
efficiency and are highly transparent to light in the DUV
region. '

Further, for the irradiation of X-rays or electron
beams, diaryl iodonium salts which have high
acid-generation efficiency are preferred. The above
iodonium-sulfonic acid salt can be obtained, for example,
by adding a sulfonic acid to a basic iodonium salt
solution. More specifically,




mel am ne 10 Phot oacti ve conpound D 0.02 part H;;ié[ﬁ?:f:f‘--j
PGVEA 8.00 parts by wei ght PIH as LMY SHEET |
50 % 0.1 nmmol /g PGVEA solution 15° 2000Hegs |
based on the amount of conpound D in - el e "
resist) This solution was fill4ered through a 0.2 micron 20 = =

filter, and then spin-coated onto a silicon wafer which _. had, been
pre-treat ed DS hexwkykphereligdaniun syl fgnate and the LyrasFam BRonoting
agent, ther antiomedg aEdambpLES of thel sybfohiwi agid widickness bé 1

m cron. The r e s e f | at .100[err]C
for 60 25 ‘ﬂ%%ggﬁﬁggl%nhn?%g%és%%#ggt%%P?%h?%%%§§?§éq@éﬁ%ﬁ%%g¥f ?%is[ ]
exposur e wastwbhiyrleerinated yllayL4agubhfoni ¢ aqtdseraryl sulf@eicwith a

Ni kon exci mefcsd£prend Navy Dgu PSRBT 46Lds substPRSEEARLiOR 4. BAL8HEn] est

masks havi ng_vari ou tte . Sizes. The del t] gtween the
exposur e anoort'l‘%nﬁfkyﬁak?il’go’é%nd%?’é 1 FYRROt PR %ﬁﬁ%js[}?%ff‘ﬁ)%sgg%‘iBOSure
baki ng, PEB)Theinin¢dxpaohed tion i amolmet wefnthdechmpoumd amp is fromhk to
devel opnent p§¢ AUROEIGNE O CERSStHALPBLESRt &F the solid components
incorporated. There may be a case where a mixture of two
10 or more photoactive compounds shows advantageous
characteristics in a resist.
The mixture of the present invention, comprising the
components a) to d) is dissolved in an organic solvent.
At this time, the solid content is generally controlled
15 to the range of 5 to 40% by weight. An aliphatic ketone,
ether or ester, or any mixture thereof is preferable as
. the solvent. Particularly preferable solvents are
aikylene glycol monoalkyl ethers such as
l-methoxy-2-propanol, and alkylene glycol alkyl ether
20 esters such as l-methoxy-2-propanol-acetate (PGMEA).
Other additives such as an adhesion-promoting agent,
a crosslinking agent, a colorant and a plasticizer can be
further added to the mixture.
In order to make the acid-generator sensitive to from
25 long-wavelength UV light to visible iight, a small amount
of a sensitizer may be added, if desired. A polycyclic
aromatic compound such as pyrene or perylene is
preferably used as the sensitizer.- A dye which acts as a
sensitizer can also be used.
30 The photoresist solution containing the
| radiation-sensitive mixture of the present invention is
spin-coated onto a suitable substrate, for example, a
bare silicon wafer so as to form a resist layer having a
thickness of generally 0.1 to 5 micron, preferably 0.5 to
35 1.5 micron, and then dried (for instance, at a '
temperature of 70 to 130°C). The resist layer is exposed
imagewise to light from a suitable light source through a



this experinent, these delay tinmes were kept shorter
unl ess’ ot herw se indicated. The post-exposure 35

conducted at 100[err]C for 120 seconds. The 2 ¢

devel oped by imersing it in tetrﬁgethylannnn| ' Foxi-dell L

solution(0.26 N). The resol ution The resist materi R at ed
~in the nne t of, the above_exa es . pf the.pgsitive 40

ooi0r. acPhBREBARRI Phekee! BRLClphRuRREY CRERUBL P ouRL LU0

- 25 - layersépusnbiested: tol bakingd trpatmenti (poatnexgobikearity

was 0.30 [ epakihg) at 4§D%Ba&§bpﬁef5*aﬁﬁbet$ 30 seconds]Neppgocedure of
Exanple 11

negative reéﬁ Frﬁggg% < exégeelgpggbpglﬁﬁda kélgﬁée@%%?fggggvgﬁgggsgn of
t he reSol utpoefefrably contains no metallic ion, for instance, an
aqueous tetramethylammonium hydroxide solution. 1In the
case where an aqueous tetramethyl-ammonium hydroxide .
solution is used, the concentration thereof is preferably
from 1.0 to 4.0% by weight. The resolution is in the
10 range of less than 0.5 micron. The deep UV irradiation
energy required for the radiation-sensitive mixture of
the present invention is, in general, from 5 to 100
mJ/cm?.
The developed resist pattern layer may be post-cured,
15 if desired. This treatment is generally conducted by
heating, on a hot plate, the resist pattern layer to a
temperature lower than the flow temperature thereof, and
then exposing the entire surface of the layer to light
from a xenon-mercury vapor lamp (200-250 nm region). By'
20 this post-curing treatment, the resist pattern layer is
' crosslinked, and thus imparted with flow resistance which
is effective, in general, at a temperature of 200°C or

lower.
The preferable use of the radiation-sensitive mixture
25 of the present invention is a resist material used for

producing integrated circuits or various electronic
parts. 1In this_production'process, a recording material
produced by using the mixture can be used as a mask in
the subsequent step. Thereafter, for example, the

30 etching of the substrate on which the resist layer is
provided, the implantation of ions into the substrate, or
the separation of the metal is conducted. Besides the
above use, the radiation-sensitive mixture of the present
- invention is suitable for the production of litho

35 = printing plates. '

Reference Example
Method for preparing propylene glycol monomethyl ether

acetate (PGMEA) solution of bis(t-butylphenyl)iodonium hydroxide:




the resist material in the same mannér as that of Exanple || pepLadBMENT

been fiound that the resolution of 1:1 line and space nainitalnyngn%ET .
linearity was 0.4 [err]m 10 Exanpl e 12 The proggg,“3“9c1:m B
Exanpl e 11 was repeated except that Phot oacti ve conp I

pl ace of Photoactive conpound D, -wAér eby a negative resist mixture was
obtained. As a result of evaluation of the resolution of 15 _the resist
material in the AArlyEhkaving hdengthogfi® cm and g insigd) peen found

that the resfldmdidy Q£ 15 lont it Filded witls[Fle grafhikmberlyst iRfes@b ty was
0.3 [err]m , arapive Exapple . " The prqcedure anpl e
12 was repea’trédt}é?(gg‘g’%“t?] tcwrl% Hé%rs s a&]ﬁcﬂsﬁ?ﬂlgcﬁleeoygen%%t%e
resist mxtdispessed inabétharel, Amnd thes uteswitiogn|diapensiom the
resol utd on Oéolxkredtiﬁg%rﬁﬁé Sé?ﬂﬁﬁr?.“ a 1d NSO FEHBIIEL Aadded €

s

Exanpl e | een found that th resolutHP of 1:1 line and
space mai ni thiFHERE 19hcArf 134 RS QL UEFM (Qfn tesramet BB ng are
preferabl e anphebeidés ofhé heegpiresfiltled initherdlomn is convertlied A

posi tive-type radiation-sensiti ' sing M & 1kd
previ ousl y- de 1é‘?l lieléol fc)%ﬁﬁpo#\j%{eorﬁ%g iLgfausslﬁlg com?ouncil' aevi ng at | east
one C 0-C ors@wi®meond whi ch

10 The column is washed with 3 liter of methanol until
the pH of the washing becomes neutral.
1.8 mmol (1.0 g) of bis(t-butylphenyl)iodonium
trifluorate is dissolved in a small amount of methanol,
and the solution is added on the column. The elution
15 speed is 30 ml/h. The elution is monitored by measuring
potential difference or UV absorption. The base content
. is measured by titration using 0.1 N HCI.

By the measurement of the base content, the exchange
rate was found to,be'93.7%. The methanol is evaporated
in a rotary evaporator under reduced pressure. '
Successively, the resultant is substituted with PGMEA
until a 0.1 mmol/g PGMEA solution of
bis(t-butylphenyl)iodonium hydroxide (BPIH) is finally
obtained. Even when the methanol is replaced with
propylene glycol monomethyl ether, the BPIH concentration
of the solution is not changed. A solution of diphenyl
iodonium hydroxide and that of 4-methoxydiphenyl iodonum
hydroxide were prepared by the samé method.

20

25

30 . | Examples
The following starting materials were used in the
following Examples. '
Polymer A:
Poly[4—hydroxystyrene4qo-4-hydroxy-3-methylstyrene]
35 (2:1 copolymer)
| M; = 14000 g/mol, My = 7000 g/mol
Optical density (248 nm) = 0.18/pm-1



can be cleaved by an acid. ‘2. A negative-type

radi at’i on-sensitive m xture, wherei n the conpound bf[err IS a

conmpound havi ng at | east one C- O C bond which can be crfp Soc=".

t he’ conpound 35 a) by an acid. 3. The radiation F@¢HMENTSHEET
m xture described in the above t &7 2, characterized

{innt.hat the
rbq 8

amount of the ' basi ¢ i odoni um conpound d) i sl O Z:POLR.
2.00 nol - EEXA Anagskah e raxi num anount of an acid vvh]O19 -

theoretically fornmed by R’he etdmydend,c). : 4. The
radi ation-sensitive mxiyg e descrigd in any 5 one of the above 1 to 3,
?ﬂgn g%;%%&gﬁ'

progress of dark reacti ® = arylpaused by the acid diffusion are controlled

by 5 X = 0-CO-,

wherein the diffusion o C produced by radiation, and the

| n: My = 2500 mol/g, My/My > 2.5
Photoactive compound C:
Bis(4-chlorophenylsulfonyl)diazomethane
Photoactive compound D:
10 Bis(4-t-butylphenyl)iocdonium triflate
Photoactive compound E:
Triphenylsulfonium triflate
Photoactive compound F:
Tribromomethyl phenyl sulfone
15 Solvent: 1l-Methoxy-propyleneglycol-2-acetate
(PGMEA)
The components of a radiation-sensitive mixture to be
tested are expressed in parts by weight.
Examples 1 and 6 -
20 A radiation-sensitive mixture having the following
formulation was prepared. In Example 6, 0.02 part of
Photoactive compound D was further added to the

formulation:
| Polymer A 1.40 parts by weight
25 Poly-N,O-acetal B 0.70 part by weight
Photoactive compound C 0.04 part by weight
PGMEA - 8.00 parts by weight

This solution was filtered through a 0.2 micron
filter, and then spin-coated onto a silicon wafer which
30 had been pre-~treated by hexamethyldisilazane serving as
an adhesion promoting agent, thereby forming a uniform
layer having a thickness of 1 micron. The wafer was
dried (soft baking) on a hot plate at 120°C for 60
~ seconds, and then subjected to imagewise exposure. This
35 exposure was conducted by using a 248 nm KrF excimer
laser with a Nikon excimer stepper having a numerical
aperture of 0.50 and test masks having various pattern



neutralizing the acid with the basic i odoni um salt. || REPLACEMIMT SHERT u

e e ——

r-adi at'i on-sensitive m xture described in any 10 hne o 1to 4,
characterized in that the basic i odoni um conppHite E)émﬁagyéf t!?fhe
conpounds represent ed by the follqwing fornmulas Ty to 111y, o
[err] 15 - -

sizes. The delay time between the exposure and the
baking conducted after the exposure (post-exposure
baking, PEB), and the delay time between the baking and
the development are important process parameters. 1In

5 this experiment, these delay times were kept shorter than
2 minutes, unless otherwise indicated. The post-exposure
baking was normally conducted at 60°C for 60 seconds.
The wafer exposed was developed by immersing it in a 2.38
wt.% (0.265 N) tetramethylammonium hydroxide solution.

10 The result of litho printing was evaluated by the
resolution of 1:1 line and space (resolution maintaining
linearity) attained.

In a delay time test, the delay time between the
exposure and the PEB was changed, and the development was

15 conducted right after the PEB. The results obtained were
evaluated by the loss (slimming) in line width, which is

~the relative line width of the obtained pattern to that
of the pattern obtained by applying the same dose without
giving delay time. '

20 ‘These examples are summarized in the following table.
It is noted that "PAC" in the table means a photoacﬁive
compound.



wher ei n Rlerr] and Rlerr] each indepen

Cerr]-Cerr] alkyl, aryl, heteroaryl, or jpRAPLABEMEMTSHER0], di- or
30 tri-substituted by alkyl, alkylaryl, aryl ja halogen,, | koxy,
phenoxy, phenylthio, phenylsul fonyl or p Hylesé;tﬁf.}:.ﬂfy.l_,isgﬁm i Y
represents [CH err][err] where nis O-ofg9l. 0 OF S, ===l elr] and
Rlerr] represent (Jerr]-Cferr] alkyl, alkoxy or a hal ogen; 35
Rlerr] and Rlerr] represent Cerr]-Clerr] al kyl, al koxy or a hal ogen;
X is a basic anion whose pKB value is from-3 to +5;
- 27 - and at | east one- hydroq,gglgt qm of Rlerr] to Rerr] may be
5 Exam- { PAC1 | PAC2 | Basic Iodonium 1:1 dose Loss(%) in
ple Parts Parts iodonium additive required to line width
No. by by additive as | concentration | obtain when delay
weight | weight | 0.1 mmol/g | to total PAC | maximum time between
solution in { concentration | line-resolution | exposure and
10 _ PGMEA | (mol/mol%) | (mJ/cm?) PEB is 30
- | Maximum min, (0.5 pm
line-resolution | design)
_ (pm)
1 C none none none 18 50
15 2 _ 0.50
2 c none | Bis(4-tert- 20 12 17
2 butyl- 0.36
phenyl)
: ’ iodonium
20 hydroxide -
3 C none | Bis(4-tert- 40 20 13
2 butyl- _ 034
phenyl)
. fodonium
25 , hydroxide
4 C none | Bis(4-tert- 50 24 9
2 butyl- 032
phenyl)
iodonium
30 hydroxide
5 C none | Bis(4-tert- 60 30 8
' 2 butyl- 034
phenyl)
_ iodonium
35 hydroxide
6 o D | Bis(4-tert- 50 3 9
2 1 butyl- 0.30
phenyl)
iodonium
40 hydroxide




substituted by X to forman inner salt; coor a m Xt gee—ef_ty oore
of these conpounds. 6. The radiation-sensitive HEPEAGEMEK$§HE§§a[
in the 5 above 5, characterized in that the mxturel|{fulfills the f
fol | owi ng conditions: Rlerr] and Rlerr] each {Irolrpepdennlrygos. il
represent nethyl, ethyl, propyl=, 40sopropyl , buty|ﬁ=gﬁg§%§?@®* 995 |
benzyl bi phe

nmet hoxyphen

nyl , toluyl, ) xylyl, chl orophenyl, bronnphenyf;
y%EEEBEE__ et hoxyphenyl, propyl oxyphenyl, butyl oxyphenyl,

tert - butyl oxyphemytad pheboxysaesitivehenytiihe dpeing tiee following
ared £Presents [CHerr][err] where nis O or

phenyl sul fo
1, 0 or S
et hoxy, 15

X represents a hydr &&PURr J
(R=(err]-err] aﬁ@ﬁ th A &8%kyI) or ocOJerr], and at
one hydrogen atom of ¥}9§Y Fhgnrd 19 be substituted by X[err]to

nﬂ$fmﬁTg£io¥éw%%dpfap 2

represent Jerr]-Clerr] alkyl, nethoxy,
chl or iPRlyhrydrosystyrene of  2.0RQ[ prrltsany REdGHE represent
Clerr]-err] al kyl ,whighoxie phenpdic OH chlorine or brom ne;

‘%ﬁﬁ)s%ﬁ(wﬁe‘t[err]-qerr] al kyl), 20 RCOO-
;

| east

f [ I t, X whi ch | st ' f t I “and
Ry Roi ne w t h' FAUBTYeT 0L i Bt by 005 2z PROHELoKCor posi ng R

15

20

PGMEA - 8.00 parts by weight

BPIH as 50 %
0.1 mmol/g PGMEA solution
(50 % by mole based on the
amount of compound E in

the resist)

This solution was filtered through a 0.2 micron
filter, and then spin-coated onto a silicon wafer which
had been pre-treated by hexamethyldisilazane serving as

"an adhesion promoting agent, thereby forming a uniform

25

30

35

40

layer having a thickness of 1 micron. The wafer was
dried (soft baking) on a hot plate at 120°C for 60
seconds, and then subjected to imagewise exposure. This
exposure was conducted by using a 248 nm KrF excimer
laser with a Nikon excimer stepper having a numerical
aperture of 0.55 and test masks having various pattern
sizes. The delay time between the exposure and the
baking conducted after the exposure (post-exposure
baking, PEB), and the delay time between the baking and
the development are important process parameters. In
this experiment, these delay times were kept shorter than
2 minutes, unless otherwise indicated. The post-exposure
baking was normally conducted at 90°C for 60 seconds.

The wafer exposed was developed by immersing it in
tetramethylammonium hydroxide solution(0.15N). The
resolution of the resist material was evaluated in the

same manner as that of the above examples. As a result,

it has been found that the same improvement as attained
in the above examples could be attained.



25 7. The radi ation-sensitive mxture descrlbr FR—ER ane of

the above 1 to 6, characterized in that the binder PFPBACEMHNaBHEEa
phenol i ¢ hydroxyl group. 8. The radi ationé sen5|t|ve Xt ure
described in any one of the above 1 to 7, chare mbeml Bg%tﬂﬁﬁ.tle
bi nder 30 a) is poly(hydroxystyrene), 219)kyl - substerREm-«"G———&—;u -
poly(hydroxystﬁrege) or a copol yner thereof. 9. The

radi ati on-s I Xt ure described in any one of the above 1 to 8,
“characterized inAthad;ththsdns;tlve maxthnet hevingntlae nSobhewphgnol i c

bi nder ot her 6Pﬂﬂlégfo§5wasp é %&oxystyrene) 10. The

radi ati on- senS|t|ve m Xt ure I n any one of the above 1 to 9,
characterized in tha?olﬁbydroxystyrene of 2.00 parts by weight 28

conpoun® bl epr¥Biah ctheyphero kb@ePB| fornul a |
pou ) 1s repr group was subst%%ﬁ%ed r V)

by 40 % with silanol

group

10 Photoactive compound E 0.05 part by weight
PGMEA | 8.00 parts by weight
BPIH as 50 %

0.1 mmol/g PGMEA solution
(50 % by mole based on the

15 amount of compound E in
the resist)

This solution was filtered through a 0.2 micron
filter, and then spin-coated onto a silicon wafer which

20 had been pre-treated by hexamethyldisilazane serving as

" an adhesion promoting agent, thereby forming a uniform
layer having a thickness of 1 micron. The wafer was
dried (soft baking) on a hot plate at 120°C for 60
seconds, and then subjected to imagewise exposure. This

25 exposure was conducted by using a 248 nm KrF excimer
laser with a Nikon excimer stepper having a numerical
aperture of 0.50 and test masks having various pattern
sizes. The delay time between the exposure and the
baking conducted after the exposure (post-exposure

30 baking, PEB), and the delay time between the baking and
the development are important process parameters. In
this experiment, these delay times were kept shorter than
2 minutes, unless otherwise indicated. The post-exposure
baking was normally conducted at 70°C for 60 seconds.

35 The wafer exposed was developed by immersing it in
tetramethylammonium hydroxide solution(0.15N). The
resolution of the resist material was evaluated in the
same manner as that of the above examples. As a result,
it has been found that the same improvement as attained

40 in the above examples could be attained.



[err] 5 wherein Rerr] is a (Jerr]-Cerr] alkyl

Rerr]+is a CJerr]-Cerr] al kyl group, Rl err] -8 eVFNTﬁﬁEEI]
al kyl group or an aryl group, Xis -CO, -0 9L 2!‘3—1—[11;@

nis an integer greater than 1. 11. The rad|a~Lnn?55ﬂSI{+ve

m xture described in the above T0,2%imaracteri zed by conpri s ng—F= {o

60% by wei ght of le 9 conmpound bl). 12. The radiation-sensitive
m xture des any 15 one of the above 1 to 9, characterized in
that the conpoundl radiatb@n-sensipieseniztiuby hhexﬁgltbanﬁglgewengl formul a

V): 20 formulation was prepared:

5 Polyhydroxystyrene of 2.00 parts by weight
which the phenolic OH
group was substituted
by 40 % with tetrahydro-

pyranyl group

10 :
Photoactive compound E 0.05 part by weight
PGMEA 8.00 parts by weight
BPIH as 50 %
0.1 mmol/g PGMEA solution

15 (50 % by mole based on the

amount of compound E in
the resist)

This solution was filtered through a 0.2 micron
filter, and then spin-coated onto a silicon wafer which
20 had been pre-treated by hexamethyldisilazane serving as
" an .adhesion promoting agent, thereby forming a uniform
layer having a thickness of 1 micron. The wafer was
dried (soft baking) on a hot plate at 120°C for 60
seconds, and then subjected to imagewise exposure. This
25 exposure was conducted by using a 248 nm KrF excimer
laser with a Nikon excimer stepper having a numerical
aperture of 0.50 and test masks having various pattern
sizes. The delay time between the exposure and the
baking conducted after the exposure (post-exposure
30 baking, PEB), and the delay time between the baking and
the development are important process parameters. In
this experiment, these delay times were kept shorter than
2 minutes, unless otherwise indicated. The post-exposure
baking was normally conducted at 70°C for 60 seconds.
35 The wafer exposed was developed by immersing it in
" tetramethylammonium hydroxide solution(0.15N). The
resolution of the resist material was evaluated in the
same manner as that of the above examples. As a result,
it has been found that the same improvement as attained
40 in the above examples could be attained.



25 . wherein Xis [err] 30 ° i n which Df“""L:aﬂdz"q

R err]* are an al kyl group, and Rl err] and R[eq]ggamaaa&fanmﬁEn‘ :
group or hydrogen atom and 35 Y is the sanme as tlhe deflng ? :
or hydrogen atom a CJerr]-Cerr] alkyl group, a e L0 oalkyl
group, a Cerr]-Cerr] aryl group,23 €err]- C[err]«ata#ky#ﬁgFGHE=ﬁF a
Cerr]-Cerr acyl %roup,' and bonded with a triazine ring directly or
t hr ough - 0- Example 10

A radiation-sensitive mixture having the following
formulation was prepared:

Polyhydroxystyrene of 2.00 parts by weight
5 which the phenolic OH

group was substituted

by 40 % with tert-butyl

ester group

10 Photoactive compound E 0.05 part by weight
PGMEA . 8.00 parts by weight
BPIH as 50 %

0.1 mmol/g PGMEA solution
(50 % by mole based on the

15 amount of compound E in
the resist)

This solution . was filtered through a 0.2 micron
filter, and then spin-coated onto a silicon wafer which

20 had been pre-treated by hexamethyldisilazane serving as
‘an adhesion promoting agent, thereby forming a uniform
layer having a thickness o0f 1 micron. The wafer was
dried (soft baking) on a hot plate at 120°C for 60
seconds, and then subjected to imagewise exposure. This

25 exposure was conducted by using a 248 nm KrF excimer .
laser with a Nikon excimer stepper having a numerical
aperture of 0.50 and test masks having various pattern
sizes. The delay time between the exposure and the
baking conducted after the exposure (post-exposure

30 baking, PEB), and the delay time between the baking and
the development are important process parameters. In
this experiment, these delay times were kept shorter than
2 minutes, unless otherwise indicated. The post-exposure
baking was normally conducted at 90°C for 60 seconds.

35 The wafer exposed was developed by immersing it in
tetramethylammonium hydroxide solution(0.15N). The
resolution of the resist material was evaluated in the
same manner as that of the above examples. As a result,
it has been found that the same improvement as attained

40 in the above examples could be attained.



-~29 - -NH or -S-, provided that the cajfron o pove
cycl oal kyl group, aryl group, aral kyl group andi
substituted by oxygen atom nitrogen atom or suhfur

13. The negative-type radiation-sensitive ﬁlXtLH%E in the
above 12, characterized by conprising-12¢o0- W he
conmpound bf[err]). " 14. The radiation-sensitive mxture described

in any Exampls khe above 1 to 11, characterized in that the 10

conpound c) is d@Qﬁgﬁﬁﬁ. Had iladilons endditdived milx e thaving thesul fonic
aci d. radiat.i.on-sensitive nkfture descri bed in any

one of the zf’d’(}\)@"?’i% @P“%W& AL EF RPN t he conmpound c) is an

al pha, al pha- bi s-sul fonyl di azonet hane 15 derivative represented by the
generalg formula Vlllpgg1y(3-methoxymethyl- €ril60 Blrts by weight

4-hydroxystyrene)

hexamethoxymethyl 0.4 part by weight
melamine

10 .
Photoactive compound D 0.02 part by weight
PGMEA - 8.00 parts by weight
BPIH as 50 %

' 0.1 mmol/g PGMEA solution
15 (50 % by mole based on the

amount of compound D in
the resist)

This solution was filtered through a 0.2 micron

20 "filter, and then spin-coated onto a silicon wafer which
had been pre-treated by hexamethyldisilazane serving as
an adhesion promoting agent, thereby forming a uniform
layer having a thickness of 1 micron. The wafer was
dried (soft baking) on a hot plate at 100°C for 60

25 seconds, and then subjected to imagewise exposure. This
exposure was conducted by using a 248 nm KrF excimer
laser with a Nikon excimer stepper having a numerical
aperture of 0.50 and test masks having various pattern
sizes. The delay tinie between the exposure and the

30 baking conducted after the exposure (post-exposure
baking, PEB), and the delay time between the baking and
the development are important process parameters. In
this expefiment, these delay times were kgpt shorter than
2 minutes, unless otherwise indicated. The post-exposure

35 baking was normally conducted at 100°C for 120 seconds.

' The wafer exposed was developed by immersing it in
tetramethylammonium hydroxidé solution(0.26 N).  The
resolution of the resist material was evaluated in the
same manner as that of the above examples of the positive

40 resist. As a result, it has been found that the



wherein R err] and Rlerr] are an al kyl, cycloal kyl, aryI’ﬁEﬁ““‘-—

het er aar yl gr oup. 16. The radiati on-sensitie i cAGEME. T
described in any 25 one of the above 1 to 15, characterikegn[ 4 hatr t,
conpound c) is the al phaal pha-bis-sulfonyl net hane = dBPifaitve. ¢iog.,
phenolic sulfonic ester. 17. “TRE radi ation-sensitive m XtUre=—==

described in_an . ong of the above 1 to 16, . characterize . conpri sing
1to 30 105/%%%1%+%t°€fftln ins frace md:.nﬂ:a:.n:.ng fngegflz.t%?

- 30 - WARSIIQAWWMED IS 1. A positive-type radiation-sensitive
imnggrlrjgl gorxgdgéégag%{_@%fﬁ#fé_forrponents. a) a binder which is
The procedure of Example 11 was repeated except that
5 BPIH was not added, whereby negative resist mixture was
obtained. As a result of evaluation -of the resolution of
the resist material in the same manner as that of Example
11, it has been found that the resolution of 1l:1 line and

. space mainitaining linearity was 0.4 pm.
10 Example 12 .
The procedure of Example 11 was repeated except that

Photqactive compound E was used in place of Photoactive
compound D, whereby a negative resist mixture was
obtained. As a result of evaluation of the resolution of
15 the resist material in the same manner as that of Example
11, it has been found that the resolution of 1:1 line and
~space mainitaining linearity was 0.3 pm.
Comparative Example 2
The procedure of Example 12 was repeated except that

20 BPIH was not added, whereby negative resist mixture was
obtained. As a result of evaluation of the resolution of
the resist material in the same manner as that of Example
12, it has been found that the resolution of 1:1 line and
space mainitaining linearity was 0.4 pm.

25
The following are preferable embodiments of the present
invention: ' '

1. A positive-type radiation-sensitive mixture,
wherein the previously-described compound bl) is a

30 compound having at least one C-0-C or C-N-C bond which
can be cleaved by an acid.

2. A negative-type radiation-sensitive mixture,
wherein the compound b?) is a compound having at least
one C-0-C bond which can be crosslinked with the compound

35 a) by an acid. .

3. The radiation-sensitive mixture described in the
above 1 or 2, characterized in that the amount of the



ah aqueous al kal i ne solution, - bferr]) a conpound haV|6

bond whi ch can be cl eaved by an acid, c) a conpound \Mﬁ' CF?PgLéA%ﬁ@t g;&aFrFT
acid when irradiated, and . d) a basi cffo\qlonl um corrpou= !
negati ve-type radiation-sensitive mxt urzp6| conprising as e
conponent s: a) a binder which is insoluble in water but sol ubl einan.

aqueous al kadd $iec SLbAbR O compdifd 'd) is e gl {@vzngoaﬁoj_east one

bond which is cyosslinked th t he conhpoun an acl c)
conpound whiSH: ‘Eﬁ’lﬁ?’é’i k0 e ANaimER ’P?%Fa%%ognaﬁﬁi’-d th‘ﬁhac%sp%

I odoni um corqimumbtlcﬂljrhﬁormﬂ dy othe edempdwed ng ki ure according to claim

1 or 2, V\/nereln Cﬁ%%@odlsﬁq{g&]@g?@#rﬁé&géo Oscc:afﬂejd iy t r%Pt ai ned

by addi ng a sul fonl asi¢c i odoni'um sa
5 one of the above 1 to 3, wherein the diffusion of an ‘acid

produced by radiation, and the progress of dark reaction
caused by the acid diffusion are controlled by
neutralizing the acid with the basic iodonium salt.
5. The radiation-sensitive mixture described in any
10 one of the above 1 to 4, characterized in that the basic
iodonium compound d) is one of the compounds represented
by the following formulas I) to III):

[IRIR2] +x- I).
15 .
. }
LA
I .
R4 3
20 R
0
[ ) |
[ C—CHz—(IR ]‘"X' I )
25 RS | R®
wherein

R' and R? each independently represent C;-C;3 alkyl,
aryl, heteroaryl, or aryl which is mono-, di- or
30 tri-substituted by alkyl, alkylaryl, aryl, a halogen,
alkoxy, phenoxy,. phenylthio,' phenvlsulfonyl or
phenylsulfinyl;
Y represents ([CH;], where n is 0 or l, Oor S;
R’ and R* represent C,;-C, alkyl, alkoxy or a halogen;
35 =~ R® and R® represent C,-C, alkyl, alkoxy or a halogen;

X“is a basic anion whose pKB value is from -3 to +5;
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sulfonic acid is an al kylsulfonic acid, a partially- or fujfly-fluorinated
al kyl sul fonic acid, an arylsulfonic acid, or an arylsul fonj ®a¢i.23. BCT'mgﬁ

substituted by a halogen, alkyl, alkoxy,qitro, cyano or & Mt
group. 5. The radi ation-sensitive n1xture according to Caim1l or 2,

char act er | egniiNathbabBeoARDNAIrOFeh "ELbASHE ROUQNAMhggTRGUNd d) s from

ui v Ient to the ﬁHXIﬁUﬁ]&ﬁDunt o whi ch can be
0.01 10 2. 00 ngﬁpﬁgat 3 by X to form an inner salt; -31- by the

t heoretical | §&
conpound c).or a mixture of- t@o or more of these compounds.
6. The radiation-sensitive mixture described in the
5 above 5, characterized in that the mixture fulfills the
following conditions: '

R! and R? each independently represent methyl, ethyl,
propyl, isopropyl, butyl, phenyl, benzylbiphenyl, toluyl,
xylyl, chlorophenyl, bromophenyl, methoxyphenyl,

10 ethoxyphenyl, propyloxyphenyl, butyloxyphenyl,
tert-butyloxyphenyl, phehoxyphenyl, phenylthiophenyl . or
phenylsulfonylphenyl;

Y represents [CH,;], where n is 0 or 1, O or S;

R? and R* represent C,;-C, alkyl, methoxy, ethoxy,

15 chlorine or bromine;

R’ and R® represent C,-C; alkyl, .methoxy, ethoxy,
chlorine or bromine;

|

X represents a hydroxyl group, RO~ (R = C,-C, alkyl),
20 RCOO™ (R = C;~C;o alkyl, aryl, alkylaryl) or 0CO0*; and
at least one hydrogen atom of R! to R® may be substituted
by X"to form an inner salt, and X which consist of basic
functional group and R may combine with R! to R® with or.
without interposing R. '
25 7. The radiation-sensitive mixture described in any
one of the above 1 to 6, characterized in that the binder
a) contains a phenolic hydroxyl group. :
8. The radiation-sensitive mixture described in any
one of the above 1 to 7, characterized in that the binder
30 a) is poly(hydroxystyrene), alkyl-substituted
poly(hydroxystyrene) or a copolymer thereof.
9. The radiation-sensitive mixture described in any
one of the above 1 to 8, characterized in that the binder
a) further contains one phenolic binder other than the
35 -~ poly(hydroxystyrene). _ '
_ 10. The radiation-sensitive mixture described in any
one of the above 1 to 9, characterized in that the



6. The radiation-sensitive mxture according'to daim1 or; vﬁraiéFH:tﬂit&:“
di ffusi on of an acid produced by radiation, and the progreLS of“A‘ahfﬂl%V SHEET ‘,!
reaction caused by the acid diffusion are control | ed by nequall gmffl%g
acid wth the basic iodoniumsalt. . e radiation- sensn \?e m ture .......... j
according to Cdaim1 or 2 characterized in that the basic | odont Umr——=<====

conpound d) ¢SmpdEn@f bi eJ.QOBEBHQQS.nESHrS§eﬁh8dgéﬁeiﬁ9§ Egkha@wangvher nul as
) tolll): [l Rerr] err] 1)

R’ R®
L]
5 [CH~-O-R"-X-N-1, Iv)

wherein R' is a C,-C, alkylene group,
R® is a C;-C; alkyl group,
R9 is a C,-Cyy alkyl group or an aryl group,
X is -CO-, -0-CO~ or -NH-CO, and
10 n is an integer greater than 1.

' 1l1. The radiation-sensitive mixture described in the
above 10, characterized by comprising 1 to 60% by weight of
compound bl). _

12. The radiation-sensitive mixture described in any
15 one of the above 1 to 9, characterized in that the compound
b2) is represented by the following general formula V):

X\KN X
20 N\\INK' V)
T

25 wherein
_R%—0—r"
Xis -—N\
R%*—0—R13
30
in which

R” and R? are an alkyl group, and
R™and R are an alkyl group or hydrogen atom, and
35 Y is the same as the definition of X, or hydrogen atom,
a C-C; alkyl group, a Cs; or C; cycloalkyl group, a C4z-Cj,
aryl group, a C4C;; aralkyl group or a C¢-C;; acyl group,
and bonded with a triazine ring directly or through -0-,
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[err] wher ei n Rlerr] and R err] each |ndependently rgpresent
Clerrt-Cerr] alkyl, aryl, heteroaryl, or aryl which is nono- Gdate 23.0CT 199%

tri-substituted by al kyl, alkylaryl, aryl, a hal ogen, al koxy, pnanK,,
phenyl t hi o, phenyl sul fonyl or phenylsgl&bnxl; Y represents
[CH err][err] where nis Q or 1, O or S Rlerr] and R err] represent

Cerr]-C errlngl kygk, —QLkObY:oQ'idédh%hQQe'Ehe carBod ol {7 &EKd aBBvEsent
Qerr]- CIerrA aiKgiknygrogb, aryl &ré%ﬁj aralkyl group and acyl group
may be substituted by oxygen atom, nitrogen atom or sulfur
atom.
5 13. The negative-type radiation-sensitive mixture
described in the above 12, characterized by'compriSing 1 to
50% by weight of the compound b?).
14. The radiation-sensitive mixture described in any
one of the above 1 to 11, characterized in that the
10 compound ¢) is decomposed by light or radiation to form a
sulfonic acid.
15. The radiation-sensitive mixture described in any
one of the above 1 to 14, characterized in that the
compound ¢) is an alpha,alpha-bis-sulfonyldiazomethane

15 ~ derivative represented by the general formula VIII):
R250,-C-50,-R*” . VIII)
I
N,
20
wherein R® and RY” are an alkyl, cycloalkyl, aryl or
heterocaryl
group.
16. The radiation-sensitive mixture described in any
25 one of the above 1 to 15, characterized in that the

compound <) is the alpha,alpha-bis-sulfonylmethane
derivative or a phenolic sulfonic ester.
"~ 17. The radiation-sensitive mixture described in any
one of the above 1 to 16, characterized by comprising 1 to
30 10% by weight of the compound c).



-32- X[ err] is a basic anion whose ummm,m m-3 to +5;, and af_
l-east «one hydrogen atomof Rlerr] to R L”m ’lﬁ‘f’f?d:jg—y* Lo t.or a
an inner salt; or a mixture of two or.nore of thésescmpoiunérs A A ar |
radi ation-sensitive mxture according to Jdaim?7 char ac;t eri ze@ @rwt ha’gb& |
the mixture fulfills the followi ng cordi39ons: Rl err] ‘dnd’ Rlert] -
I ndependent | pres hyl, ethyl, propyl, isopropyl, biatyl, —‘phenyl
benzyl bi phenéﬁ,ﬁgt gSugg‘i‘I&%byﬁs chl orophenyl, - brom)phenyl

met hoxyphenyll. eAhpagpbivgttype ﬁdw&m-mmm/inve nﬁlxttyin@(};tphpmihing

tert-butyl h | t hi oph I
pﬁ(ranyl gu%/f g)%g %g&EPtRQi”Q@QEQE éggr’igse?é%[elr?f[gp?] %ere nis Oor 1, O
or S Rl err]aémdi Rligdgr mhp-rcélse.ﬁt ingpénbleCirrvdter byt sodmibtexyn

et hoxy, chl oghngqReolsOHIRE1ine solution,
b!) a compound having at least one bond which can be
cleaved by an acid,
c) a compound which generates an acid when irradiated,
and
d) a basic iodonium compound.

2. A negative-type radiation-sensitive mixture comprising
as essential components:

a) a binder which is J.nsoluble in water but soluble in
an aqueous alkaline solution,

b?). a compound having at least one bond which is

- crosslinked with the compound a) by an acid,

c) a compound which generates an acid when irradiated,
and

d) a basic iodonium compound.

3. The radiation-sensitive mixture according to claim 1 or
2, wherein the compound ¢) is an iodonium-sulfonic acid
salt obtained by adding a sulfonic acid to a solution of a
basic iodonium salt.

4. The radiation-sensitive mixture according to claim 3,
wherein the sulfonic acid is an alkylsulfonic acid, a
partially- or fuJ_.ly—fluorinated alkylsulfonic acid, an
arylsulfonic acid, or an aryisulfonic acid substituted by
a halogen, alkyl, alkoxy, nitro, cyano or alkyl halide
group. '

5. The radiation-sensitive mixture according to Claim 1 or
2, characterized in that the amount of the basic iodonium
compound d) is from 0.01 to 2.00 mol equivalent to the
maximum amount of an acid which can be theoretically formed



Forr] and Rlerr] represent et derfip mmum@r ot

RJerr] (R=derr]-Cerr] alkyl), RCOJ€tr]¢ (R =2l ®err rr] aIkyI
aryl, alkylaryl) or OCOJ err]; and at |east one hydrogen atam@é
R[err] may be substituted by X to fornradlimnner salt, and X-Whis

of basic functiaq rou nd R may conbine with R[err] to Rlerr] with or
ﬁg#@q‘; %)

wi thout inte K)radi ati on-sensitive recordi ng materi al
conprising a substrate, and a radiation-sensitive |ayer provided thereon,

where the ragiat -&:Ré‘ ffc?f#ié’r?—é&i/se{tﬁf’m TP acdedli hgeSe8Ph LA VE JE Xt ure

according to ¢la
2, wherez.n the diffusion of an acid produced by radiation,

and the progress of dark reaction caused by the acid
diffusion are controlled by neutralizing the acid with the
basic iodonium salt.

7. The radiation-sensitive mixture according to Claim 1 or
2 , characterized in that the basic iodonium compound d) is
one of the compounds represented by the following formulas
I) to III):

[IRIR2]+x- I)
el |
Qo

I
R4 _ R3
i
[ C—CH—R' % 1)
RS ~R®
wherein

R! and R? each independently represent C,-C,; alkyl,
aryl, heteroaryl,' or aryl which is mono-, di- or
tri-substituted by alkyl, alkylaryl, aryl, a halogen,
alkoxy, phenoxy, phenylthio, phenylsulfonyl or
phenylsulfinyl;

Y represents [CH;], where n is 0 or 1, 0 or S;

R} and R* represent C;-C, alkyl, alkoxy or a halogen;

R® and RS represent C,-C, alkyl, alkoxy or a halogen;
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X is a basic anion whose pKB valie is from -3 to +5;
and at least one hydrogen atom of R! to R® may be
substituted by X to form an inner salt; .
or a mixture of two or more of these dompounds.

8. The radiation-sensitive mixture according to Claim 7
characterized in that the mixture fulfills the following
conditions: . ' |

R! and R? each independently represent methyl, ethyl,
propyl, isoﬁaropyl, butyl, phenyl, benzylbiphenyl, toluyl,
xylyl, chlorophenyl, bromophenyl, methoxyphenyl p
ethoxyphenyl, propyloxypheny.l ' butyloxyphenyl,
tert-butyloxyphenyl, phenoxyphenyl, 'Phenjrlthiophenyl or
phenylsulfonylphenyl;

Y represents [CH;], where n is 0 or 1, O or S;

R® and R' represent (C,-C, alkyl, methoxy, ethoxy,
chlorine or bromine; -

R®* and R® rep.fesent C,-C, alkyl, methoxy, ethoxy,
chlorine or bromine; '

n is 5 or 6; -

X represents a hydroxyl group, RO (R = C;-C, alkyl),
RCOO~ (R = C;-C;, alkyl, aryl, alkylaryl) or 0C00*; and -
at least one hydrogen atom of R! to RS may be substituted
by X to form én inner salt, and X which consist of basic
functional group and R may combine with R! to R® with or
without interposing R.

9. A radiation-sensitive recording material comprising a
substrate, and a radiation-sensitive layér provided
thereon, where the radiation-sensitive layer comprises a
radiation-sensitive mixture according to claim 1 or 2.
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ABSTRACT OF THE DISCLOSURE

A radiation-sensitive mixture for use in the production
of semiconductor elements, which has high sensitivity and
high resolution, which can be developed by an agqueous
alkaline solution, and which is based on a novel concept in
that a stable acid latent image is controlled by using a
radiation-decomposable base.

The mixture is characterized by comprising as essential
components a) a binder which is insoluble in water but
soluble in an aqueous alkaline solution; b!) a compound
having at least one bond which can be cleaved by an acid,
or b*) a compound having at least one bond which is
crosslinked with the compound a) by an acid; c¢) a compound
which generates an acid when irradiated; and d) a basic
iodonium compound.



