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This invention relates to solutions of poly(hydroxystyrene) resins that are
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Poly(hydroxystyrene) (PHS) is an excellent resin for use in photoresists ﬁd
10 other photosensitive imaging systems. It is particularly useful in the deep ultraviolet
r_egionl of the.spectrum because of its low absorption of light in that region compared
. with the commonly used novolac resins. PHS resins in which some or all of the
phenolic groups are functionalized with t-butyloxycarbonyl ("t-Boc") have advantages
__ over non-functionalized PHS. The t-Boc groups slow the rate of dissolution in base,
15 . but are readily removed by traces of acid, which causes decomposition of the t-Boc
group to isobutylene and CO,, as illustrated below for the t-Boc derivatized poly(4-

hydroxystyrene):
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The t-Boc functionalized PHS resins are particularly useful in positive
photoresists in which a light sensitive compound is included which releases a trace of
20 acid upon exposure to light. Areas of the resin coating which have been exposed to

light dissolve more rapidly in basic developer solutions because of the larger
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10 The solid functionalized PHS resin is hard to dry thoroughly because the wet
solid hydrolyzes slowly at room temperature and faster when it is warmed. The resin
is also hydroscopic. As a result, there are batch to batch variations in the amount of
t-Boc functionality in the freshly synthesized polymer. Furthermore, the amount of t-.
Boc functionality changes with time ddring storage because the resin in powder form
15 is generally not completely dry. These variations in the leve! of t-Boc functionality
are unpredictable. Because the dissolution rate of coatings made from the
functionalized resin varies according to the amount of free hydroxy! in the resin, these
variations significantly complicate the use of these resins in photolithography.

20 A t-Boc functionalized PHS resin (t-Boc PHS) can be made in the form of a
stable solution starting from wet t-Boc PHS resin. The t-Boc PHS resin comprises

monomer units I having the formula
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_ and the remainder of the groups R are H. There may be more than one kind of
5 monomer unit I. Monomer units I may also be part of a copolymer, in which case
other monomer units are also present in the polymer. Preferred comonomers are
selected from the group consisting of styrene, C, to C, alkylstyrene, C, to C,
alkoxystyrene, chiorostyrene, fluorostyrene, vinylpyridine, and mixtures thereof. The
method of making a stable solution of t-Boc PHS comprises the steps of:
10 (a)  dissolving the wet t-Boc PHS resin in a solvent capable of forming an
azeotrope with water to form a solution; and
(b) distiiling the azeotrope of water and solvent from the solution until the
solution contains less than about 1% by weight of water.

- In preferred embodiments, A, B, and C of monomer units I are methyl or H.
15 In more preferred embodiments, A, B, and C are all H, and the polymer consists
essentially of 3-hydroxystyrene and/or 4-hydroxystyrene monomer units, with some or
all of the phenolic groups in the form of

ociw)

The most preferred resins consist essentially of 4- hydroxystyrene monomer units,
- wherein at least some of the hydroxyl groups are functionalized with t-Boc groups and
20 the remainder are not functionalized. Preferably, about 5% to about 95% of the
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t-Boc groups and the remai nder of the hydroxyl groups are not
functionalized. Mire preferably, about 10%to about 75% of the hydroxyl
groups are functionalized with t-Boc groups and the remai nder are not
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units) can also be_ preésen
_ units, wherein some or all of the phenolic hydroxyl groups are functionalized with t-
10  Boc and the remainder are non-functionalized; (b) less than about 1% by weight of
water, preferably less than about 0.6% water; and (c) about 50% to about 95% by

weight of propylene glycol methyl ether acetate.

DETAILED DESCRIPTION OF THE INVENTION
The PHS utilized in this invention is preferably the homopolymer of 4-

15 hydroxystyrene, which is convenienﬂy made in pure form by the polymerization of 4-
acetoxystyrene, followed by hydrolysis of the acetoxy groups to yield phenolic grodps.
Other hydroxystyrene isomers (e.g. 2-and 3-hydroxystyrene units) can also be present
in the polymer as comonomers. The hydroxystyrene units can be copolyinerized with
other non-phenolic units, such as styrene, methoxystyrene, or vinyl pyridine. Some or

20 all of the hydroxystyrene units can have additional substituents, as for example 3,5-
dimethyl-4-hydroxystyrene monomer units. These partially substituted hydroxystyrene
units can also be present in copolymers with other monomers. |

The PHS can be functionalized with t-Boc by any of the standard methods for
attaching a t-Boc group to a phenol. The amount of functionalization is selected to
25 give a product with the desired dissolution rate. Typicaﬂy, PHS is dissolved in '
. acetone and is then reacted with di-t-butyl dicarbonate in the presence of a base
catalyst, such as 4-dimethyaminopyridine, at room temperature. The t-Boc PHS is
then precipitated by pouring the solution into deionized water. After filtration, the
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must form an azeotrope with water. The preferred solvent is propylene
gl ycol nethyl et Bw@zeotrope with water. The preferred solvent is propylene glycol methy! ether

10 acetate (PGMEA). Other ethylene glycol or propylene giycol diethers, diesters, and
ether esters may also be useful as solvents in this invention. The t-Boc PHS is
dissolved, and the solvent is then concentrated by distillation. When PGMEA is the
solvent, distillation is carried out under reduced pressure with mild heating, e.g. about
15 to about 50 mm Hg pressure, preferably about 20 to 30 mm Hg, in the range of

15 about 25° to about 40°C. The lower temperatures are better because decomposition is
reduced. The solution generally is cloudy at the start of distillation if the t-Boc PHS
is very wet. As the distillation proceeds, the solution becomes clear because of
removal of the water. The amount of water remaining after distillation is easily
brought below about 1%, and preferably is below about 0.6%. The solvent is

20 removed by distillation until the desired concentration of t-Boc PHS is achieved,
usually about 5% to about 50% solids, and preferably about 10% to about 25% solids.
The solution is now ready for use in making photoresists by any of the standard
methods used in the industry.

The following examples are illustrative only and not to be treated as limiting

25 - the invention in any way.

EXAMPLE 1
The phenolic groups of poly(4-hydroxystyrene) (PHS) were functionalized with
t-butyloxycarbonyl groups (t-Boc) to yield a functionalized PHS resin (t-Boc PHS)
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10 | Carbon dioxide was bubbled through a solution of 5.5 1 of deionized water and
55 ml of distilled isopropyl alcohol for 10 minutes at 20°-25°C. The bubbling of
carbon dioxide was cd_ntinued for 10 more minutes while the reaction mixture above
was poured into it. The temperature was maintained at 20°-25°C. This was mixed for
about 30 minutes. Stirring was then stopped, and the mixture was allowed to stand

15 . for 15 minutes, after which it was filtered through a Buchner funnel. The solid in the
filter was washed with 12 1 of deionized water until the conductivity of the rinse water
reached a minimum. The wet filter cake at this time weighed 206 gms, and contained
44.8% of t-Boc PHS, the remainder being water. The wet solid was separated into
two portions. ' '

20 One 50 gm portion was placed into a vacuum oven and dried for about 1 day.
The dried product weighed 26.6 gms and contained 0.60% water by weight as
measured by Karl Fisher titration. '

The other portion of the wet solid (156 gms, containing 69.9 gms of t-Boc
PHS based on the fact that the wet solid is 44.8% t-Boc PHS) was dissolved in 270.6
25 gms of propylene glycol methyl ether acetate (PGMEA) by stirring the PGMEA and
solid produét for about an hour. This solution appeared cloudy due to the presence of
the water. The solution was placed under a vacuum of about 35 mm from a vacuum

pump and distilled at that pressure. Distillation was very slow when the solution was



overhead stirrer. a condenser and a thernoneter was purged with nlé ggen
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to yield a solution. 5 A sufficient quantity of di-t-butyl dicarbonate
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m nutes. Stirring was then stopped, and the mxture was allowed to sTand 15
for 15 minutses, 8e distillotion twastmeasured by (KarkBishérrtisagion as BS6Pnby weightel . The
solid in the filter was washed with 12 1 of deionized water until the
conductivity of the rinse water reached a mninum The wet filter cake at
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measured by Karl Fisher titration. The other portion of the wet solid (15
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0.27M aqueous tetramethylammonium hydroxide solution at 22.0 + 0.1°C for one
minute, and the amount of coating that was removed by dissolution was measured in
A°. The dissolution rates were 6910 A°/minute for the sample that was stored as a
solid for 8 days, compared with 2670 A°/minute for the sample that was stored as a

15 dried solution. Since the dissolution rate increases as t-Boc groups are removed, it is

apparent that the sample that had been dried and stored as a solid had experienced
more extensive hydrolysis of the t-Boc groups than the sample that had been dried in
solution and stored as a dried solution.

. EXAMPLE 2
20 A sample of t-Boc PHS was made according to the method of Example 1 by
| treating PHS with di-t-butyl dicarbonate in acetone and precipitating the product by

pouring the solution into water. The solid was filtered and rinsed with deionized
water, as in Example 1. The wet solid contained 30% water by Karl Fisher titration.
A portion of the wet solid (100.0 gms) was dissolved in 250 ml of PGMEA. The

25 solution was placed under a vacuum from a vacuum pump. Water was removed as an
azeotrope with PGMEA under vacuum without heating of the flask, so that the
temperature of the t-Boc PHS in PGMEA never went above 25°C. The distillation
stopped after all the water plus a small amount (about 6 ml) of PGMEA had been
removed. This sample of t-Boc PHS in PGMEA contained about 0.06% water by
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solution and stored as a dried solution. EXAMLE 2 20 A sanpl e of
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heating of the fl that the tenperature of the t-Boc PHS in PGVEA
never went above 25[err]. The distillation stopped after all the water plus
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wherein A, B, and C are alike or different and are selected from the group consisting
of H, CL, F, C, to C, alkyl groups and mixtures thereof: wherein some or all of the
groups R are represented by the formula

—@o C [CH3)3 '

and the remainder of the groups R are H; said method comprising the steps of:
(a)  dissolving said wet t-Boc PHS resin in a solvent capable of forming an
azeotrope with water to form a solution; and
(b) distilling said azeotrope of water and said solvent from said solution
until said solution contains less than about 1% by weight of water.

2. The method recited in Claim 1, wherein said A, B, and C of said monomer

units I are each methyl or H.

3. The method recited in Claim 1, wherein said t-Boc PHS consists essentially of

monomer units I, where monomer units [ are selected from the group consisting of



VE CLAIM 1. A nmet hod of making a stable solution of a t-Boc.PHS resin
from wet WOIEBKOPHS resin, wherein said t-Boc PHS resin JSmY¥8% S ononer

units | having the formul a [err]W' n B, and C are alike or different g
and are sel ecte rom { he greupF= TSRy of H d, F, [err] to [err]

al k pxt UF a4 BEEEDH™ 5%to 95% of the groups R are
reprﬂummgg"mm”gmor | a [rEFYAATO _thedr emai nder of the groups R are H;
sai d*net h O Mpr ng it €ps of (a) di ssol ving said wet t-Boc PHS

resin in a sqlvent capable of formng an azeotrope with water to forma
solution; and (b) distilling said azeotrope of water and said sol vent
fromsaid solution until sa-@HgefH++on comt=iths(Hss t han 1% by wei ght of
wat er. 2. The nethod recited jin daim1l, wheggin said A B, and C of
said nonomer units | are each | or H 3. he nmethod recited in
Claim1, wherein said t-Boc P Sists esse | y of mononer units I,

where nononer units | are sel ect mthe gro consi sting of [err]
and mixtures thereof.
4. The method recited in Claim 3, wherein said monomer units I are

5. The method recited in Claim 4, wherein about 5% to about 95% of R are

0
—él: ocC (G'ls);

and about 95% to about 5% of R are H.

6. The method recited in Claim 4, wherein about 10% to about 75% of R are

il
—CO0C (Cﬂa);

and about 90% to about 25% of R are H.
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and m xtures thereof. 4. The nethod recited in aim3, wherein said
nmonomer um‘M@?SlSaTQé [erq‘]ﬂ@r dliirecited in d ai mPET/USPEASETH 95%
t® 5% of RareH—=6: Tﬁéim@ﬁ%ﬁHE% Fed |rlcla|m4 wherein 10%to 75%
of R 0% tip 259 PGP 1= The method recited in daim
I&"l HM'T S Sélected fromthe group consi sting of ethylene
glyco ene gl ycol diesters, ethylene glycol ether esters,
propyl ene egcoI dlethers propyl ene glycol diesters, and propylene glycol
et her esters. The nethod recited in daim4, wherein said sol vent is

propyl ene gl ycoI Tvet hihe methed recited ip Claim,Enwiuein;saidisolventis selected frome thegroup
recited in Cai yg&e ggt*g

acetate. 10. %@uﬁeﬁ?ﬁggb;ﬂggﬁ%gﬁ Bl Ers @%x?fe%éi el n sal Oésﬁt“;ejgﬁeh#ﬁ'w‘i‘temaeF
distilling said mgtmmderufslmldteMd m'oxby«lmtglv@l daastemdnﬁptopyltne lglycol ether
tenperature ranggsté;,ljiI 25[err] to 40[err] at a pressure of 1999 Pasehals (15
nm Hg) to 6665 Paschals (50 mm Hg). 11. The nmethod recited in Caim8,
wherein said step of distil I i ng said azeotrope of water and solvent is

carried out at a resgure 2666 Paschal s (20 nm to 3999
p 'fhe me rec61ted in Cﬂ]!m 4, vgrherem sallc_ilgs)olvent is propylene glycol

methyl ether acetate.

9. The method recited in Claim 5, wherein said solvent is propylene glycol
. methyl ether acetate.

10.  The method recited in Claim 4, wherein said step of distiiling said azeotrope of
water and solvent is carried out in the temperature range of about 25° to about 40°C
at a pressure of about 15 mm to about 50 mm Hg.

11.  The method recited in Claim 8, wherein said step of distilling said azeotrope of
water and solvent is carried out at a pressure of about 20 mm Hg to about 30 mm Hg
and a temperature in the range of about 25°C to about 40°C.

12, The method recited in Claim 1, wherein said solution after said step (b) of
distilling said azeotrope of water and said solvent contains less than about 0.6% by
- weight of water.

13. The method recited in Claim 1, wherein said solution after said step (b) of
distilling said azeotrope of water and said solvent comprises about 5% to about 50%
by weight of said t-Boc PHS resin.

14.  The method recited in Claim 1, wherein said t-Boc PHS resin also comprises
- monomer units selected from the group consisting of styrene, C, to C, alkylstyrene, C,

to C, alkoxystyrene, chlorostyrene, fluorostyrene, vinyl pyridine and mixtures thereof.
R
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Paschals (30 nmHg) and a tenperature in the range of 25 [err] -to 40[err].
12. Two 95e30786d recited in Claim1, wherein said sol ut PCFHUSHSOES?Ssai d step
(b) of disti IJ_i_ng_sﬁidazw%g of water_and said solvent contains |ess {
than 0.6% by wei ght of water. I3.  The "t hod recited in Claim1, wherein
said solution ﬁmmm b) of distilling said azeotrope of water and
sai d solvent c ﬂ % by weight of said t-Boc PHS resin. 14.

The nethod recited it CMal m 1+ wherein said t-Boc PHS resin al so conprises
mononer units selected fromthe group consisting of styrene, [err] to [err]
al kyl st yr ene, 15 er rThetpsodust mjade by dive/miethod rof Claiml br ost yrene, fl uorostyrene,
vinyl pyridine and m xtures thereof -12- 15. The product made by the
met hod of Claim1l. 16. The product nmade by the nethod of Claim4. 17.

The product nksde [Fhetpgreduveiade by théCnethod Of Cléim 4. The product made by the
nmethod of Caim13. 19. A sol ution consisting essentially of (a) about 5%
to about 50% by weight of a resin that consists essentially of nononer
units |, wherg | hgﬁﬁ,bﬁ,&g{aaylbgtﬁ@ﬁ,re]hoarwm%@l n sone or all of the
groups R have the formula [err]”and the renainder of the groups R are H,

(b) less than about 1% by wei ght of water;

18.  The product made by the method of Claim 13.

19. A solution consisting essentially of (a) about 5% to about 50% by weight of a
. resin that consists essentially of monomer units I, where I has the formula | ‘

and wherein some or all of the groups R.have' the formula

Locks)

and the remainder of the groups R are H; (b) less than about 1% by weight of water;
and (c) about 50% to about 95% by weight of propylene glycol methyl ether acetate.

20.  The solution recited in Claim 19, wherein about 5% to about 95% of the
groups R have the formula

f

—coc [cns);



and (c) about 50%to about 95% by wei ght of propylene glyc l’:r L€t her
acetate. 2WO9S3YWE solution recited in Caim19, wherein abéut 5%to about
95% of t he gl’__OJ.LpS——R——haVE“HTE‘“f"OTrTw aflerr]_ { -13- and about 95%to about

oSl "

and about 95% to about 5% of the groups R are H, wherein the amount of water is
less than about 0.6% by weight.



