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Abstract

Bottom anti-reflective coatings (BARC) are useful to suppress the problems associated with reflection by the substrate d
lithographical processing. Now, we have proposed a new class of BARC material containing polyvinylphenol as a UV-al
poly(3,3-dimethylpropene) (PDMP) as a crosslinker, and 2-hydroxycyclohexgluenesulfonate as a thermal acid generator. T
PDMP was synthesized from acrolein by a two-step sequence reaction with a yield of 60%. The lithographic performance of ph
with BARC that was proposed by us was evaluated and compared with those of photoresist without@2600. Published by Elsevier
Science Ltd. All rights reserved.
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1. Introduction ference and reflective notching. Implementation of a bott
anti-reflective coating (BARC) can reduce or eliminate lin

The target of argon fluoride (ArF) excimer laser lithogra- width variations caused by interference and reflective not
phy is the fabrication of sub-0.36m design rule devices, ing. Therefore, the BARC is an essential technique in A
which is the most promising candidate for the next genera- excimer laser lithography with the practical resoluti
tion of lithography techniques. The development of ArF enhancement method. In i-lin@ = 365 nm and krypton
excimer laser lithography has rapidly been accelerated tofluoride (KrF; A =248 nm) excimer laser lithography,
use practical process integration techniques such asmany studies concerning BARC have been carried
advanced single-layer photoresist, [1-4] anti-reflective However, there is very little information about BARC fo
process, [5—9] attenuated phase-shifting mask, [10] and ArF excimer laser lithography. Ogawa et al. [6] discuss
annular illumination. [5,11] the use of hydrogenated silicon oxynitride (SNH)
When the exposure wavelength is reduced to obtain ainorganic film, that had already been used as a BA
higher resolution, the interference and reflection from the film in i-line and KrF excimer laser lithography, and a
interface between the photoresist and the substrate generalla BARC for ArF lithography. [5,7] Yen et al. [12] and
become stronger. The reflectance at 193 nm wavelength waskunz and Allen [13] developed an organic BARC fo
slightly higher than that at 248 nm wavelength. In the semi- ArF lithography and investigated the anti-reflectiv
conductor industry, the manufacture of high performance effect at 193 nm. Both organic and inorganic BAR
integral circuits requires tight control of critical dimensions have their own pros and cons but overall organic BA
(CDs) at poly pattern. In order to achieve these stable CDsseems to offer several advantages—reflective index re
and better resist profile, requirements force processducibility, throughput, stack issues, rework capabilit
engineers to eliminate line-width variation caused by inter- thickness tolerance etc.
In this paper, we proposed a new organic BARC materi

which had sufficient anti-reflectivity at 193 nm and the res

* Corresponding author. Tel:+ 82-417-560-8664; fax:+ 82-417-560- performance was Improv.e.d by it. AI.SO’ we mvestlgqted t
8640, effect of substrate reflectivity on resist performance in or
E-mail addressbach@kitech.re.kr (S.-H. Hwang). to improve the performance further.

0032-3861/00/$ - see front matt€r 2000 Published by Elsevier Science Ltd. All rights reserved.
Pll: S0032-3861(00)00010-0



6692 S.-H. Hwang et al. / Polymer 41 (2000) 6691-6694

1]

P Sy

CH ¢=0 ¢=0 ;
OH e OH e
CH, HoC—CCHg
CH, CH,
OH
)
OH
! fOls
n n o—s~©~CH3
HiCO™ “OCH,4 N o)
NS
OH

®) © ©)

Fig. 1. Using materials in this study: (A) Poly(2-methanol-5-norbornene/2-(2-hydroxyethyl)carboxylate-5-norbot#mrgl@arboxylate-5-norbornene/2-
carboxylic acid-5-norbornene/maleic anhydride); (B) Poly(@lignethoxypropene); (C) Polyvinylphenol; and (D) 2-hydroxycyclohgxjbluenesulfonate.

2. Experimental 60% and washed with distilled water for several times. The
obtained product was dried in vacuum oven atQ3%or
2.1. Materials 3 days.

Acrolein, trifluoromethanesulfonic acid (TFMSA), azobi- 2.3. Preparation of BARC coated silicon wafer

sisobutyronitrile (AIBN), tetrahydrofurane (THF) and acet-

one were purchased from Fluka and Aldrich. The solvent, ~To prepare BARC solution, PDMP (0.57 g) and polyvi-
propylene glycol methyl ether acetate (PGMEA), was nylphenol (1.0 g) were dissolved in propylene glycol methy!
obtained from Aldrich. The polyvinylphenol (VP-8000) ether acetate (40 g) and then stirred homogeneously. The
was obtained from Nippon Soda Co. The photoresist poly- thermal acid generator (0.1 g) was added in this solution.
mer used in this study was synthesized using the method ofFinally, the mixed solution was filtered with a Gelman
polymerization described in a previous paper [1]. Photo 0.2um filter. To prepare BARC coated wafer, BARC solu-
Acid Generator (PAG), triphenylsulfonium triflate was tion was coated on a silicon wafer with spin coating of

supplied by Korea Kumho Petrochemical Ind., Ltd. 2300 rpm. For crosslinking BARC coated wafer was
baked at 208 for 90s. The thickness of BARC of

. . . BARC coated wafer after crosslinking was 82 nm.
2.2. Synthesis of polyacrolein and poly(3,3

dimethoxypropene) 2.4. Preparation of resist solution

To synthesize polchroleln,_ a 1000 ml three-necked Poly(2-methanol-5-norbornene/2-(2-hydroxyethyl)car-
round-bottom flask equipped with a reflux condenser and p gy jate-5-norbornene/@butylcarboxylate-5-norbornene/
magnetic stirring bar was charged with 72 g of acrolein, »_carhoxylic acid-5-norbornene/maleic anhydride) (10 g) as
1.44 g of AIBN, and 108 g of THF under dry nitrogen atmo-  egist polymer and 0.12 g of triphenylsufonium triflate as
sphere. After 5 h of reaction at 85, the white polyacrolein photoacid generator were dissolved in 80 g of propylene

powder was precipitated in the solvent. The yield of poly- 1ol methyl ether acetate. This photoresist solution was
acrolein is 75%. The obtained polyacrolein was washed o after filtering by using a 0.20m disk filter.

Wi.'[h acetone for several times_ to remove the unreacted acro- Fig. 1 shows materials used in this paper.
lein. To prepare the poly(3,@limethoxypropene) (PDMP),
500 ml of round-bottom flask was charged with 209 of 2 5 characterization and measurements

polyacrolein, 200 g of methanol, and 0.5g of trifluoro-

methanesulfonic acid (TFMSA). After refluxing for 10 h The synthesized PDMP was characterized by Bruker,
at 80C, the solution was concentrated by removing the DPX 300 MHz H-NMR spectrometer. FT-IR and UV
solvent using rotary evaporator. It was poured into spectrum were recorded on a Nicolet, Magna-550 series FT-
0.1 wt% tetramethyl ammonium hydroxide (TMAH) IR spectrometer and on a Jasco 200 Vacuum-UV spectro-
agueous solution to precipitate the product with a yield of meter. Thermal analysis was carried out on a Perkin—Elmer,
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Fig. 2. FT-IR spectrum of: (A) polyacrolein; and (B) Poly(3@methox-
ypropene).

DSC-7 at a heating rate of Z0/min under nitrogen. Mole-
cular weight and molecular weight distribution of polymer
were determined in THF at 36 using TOSOH, HLC-8020

gel permeation chromatography apparatus. Imaging experi-

ments were done by an ISI AR = 193 nn) exposure tool
(0.6 NA). The obtained SEM photographs were observe
using a Jeol, JSM-6400 scanning electron microscope.

3. Results and discussion

3.1. Synthesis of poly(3;8imethoxypropene)

The synthesized PDMP that was designed by us was aaromatic benzene ring in polyvinylphenol. Absorption

white color powder with good film-forming property and

very soluble in organic solvents. The glass transition which was induced by the interference and reflective not
temperature and melting temperature of PDMP are 136.7ing phenomenon during the ArF lithographic processi

and 183.8C, respectively. The molecular weight of

d wafer with a thickness of 85(3,Afo|lowed by baking at
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synthesized PDMP weréM, = 4225 M,, = 6887, and
polydispersity= 1.63, respectively. These inherent prope
ties of PDMP imply that it can be used as a BARC mater
in the semiconductor industries. The chemical structure
polyacrolein and PDMP were confirmed Bi-NMR as
below. *H-NMR (CDCl;) (ppm): 3.3-3.6 (m, hydrogen
in two methoxy groups, 6H); 0.8-2.0 (m, hydrogens
main chain, 3H); 4.2-5.8 (s, CH-CH—-(Og}} 1H). Fig.
2 shows FT-IR spectrum of polyacrolein and PDMP.
order to obtain the FT-IR spectrum, we prepared the K
window that was prepared by KBr powder and synthesiz
the polymer powder and measured it. As shown in Fig. 2,
characteristic peak of carbonyl (—Ei#D) group in polya-
crolein at 1718 cm® disappeared in PDMP. This implie
that the polyacrolein converted to PDMP successful
Through the structural characterization of FT-IR a
NMR, we ascertained that the synthesized compound
poly(3,3-dimethoxypropene).

3.2. Deep-UV absorbency measurements

In order to measure the UV absorbency at 193 nm wa
length, the BARC solution was spin-coated on the qua

205°C for 2 min. The thermal hardening process of BAR
results in the crosslinking by transacetalization between
methoxy groups of PDMP and hydroxy groups of polyv
nylphenol by forming the new acetal unit. The UV spectru
of cured BARC material is shown in Fig. 3. At the 193 n
radiation, the UV absorption peak of BARC shows t
maximum value as 0.8. This peak was induced by t

193 nm radiation of BARC protects the standing wa

These results indicated that the BARC containing ac
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Fig. 3. UV spectrum of cured BARC.
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Fig. 4. Cross-sectional SEM micrographs of line and space grating pattern:
(A) To obtain without BARC at the exposure energy of 12 m¥cnd (B)
To obtain with BARC at the exposure energy of 14 mJcm

type polymer acts as a good eliminator of the standing wave

effect on the wall of the photoresist pattern.
3.3. Lithographic performance

The BARC performance of the lithographic process was
investigated by the following procedures. A resist film was
prepared by spin-coating of photoresist solution on a BARC
treated silicon wafer substrate followed by soft baking at
110°C for 90 s. Exposure was carried out on an ArF expo-
sure tool and the film was baked again at C1@or 90 s.
After baking, the wafer was developed in 2.38 wt% tetra-
methyl ammonium hydroxide (TMAH) aqueous solution for
40 s [1]

The thickness of the crosslinked BARC after immersing
in PGMEA solvent for 90 s was not changed. This result
indicated that the BARC was crosslinked perfectly at’205
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Fig. 4 shows the cross-sectional SEM morphologies of

0.15pm L/S photoresist patterns at the steps without and
with organic BARC, respectively. As shown in Fig. 4(A), L/
S pattern shape is very irregular on the wall surface. But,
using the BARC reduces irregularity of surface on wall,
drastically. The lithographic performance clearly shows
that the pattern resolution in ArF lithography can be
enhanced efficiently by employing a new organic BARC.

In summary, we have proposed a new class of BARC
material containing polyvinylphenol as a UV-absorber,
poly(3,3-dimethoxypropene) as a crosslinker, and 2-hydro-
xycyclohexyl p-toluenesulfonate as a thermal acid genera-
tor. The PDMP was synthesized from acrolein by a two-step
sequence reaction with a yield of 60%. The lithographic
performance of photoresist with BARC that was proposed
by us was evaluated and compared with those of photoresist
without BARC. We ascertained that this organic BARC
absorbs successively at 193 nm wavelength and it has an
improved photoresist pattern performance.
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