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ABSTRACT: A novel poly(o-hydroxyamide) (PHA) as a precursor of photosensitive polybenzoxazole (PSPBO)
that exhibits high transparency at 365 nm wavelength (i-line) has been developed. Time-dependent density functional
theory (TD-DFT) calculations using the B3LYP hybrid functional were performed to predict the transparencies of var-
ious o-hydroxyamides in the i-line region. Based on these results, 2,2’-dimethyl-biphenyl-3,3’-dicarboxylic acid chlo-
ride was prepared and polymerized with 4,4'-(hexafluoroisopropylidene)bis(o-aminophenol). The resulting PHA-3
showed a high transparency (92%, 1.0 x 1073 mol/L in N,N-dimethylacetamide (DMAc)), superior to that of the con-
ventional PHA-1 (83% at the same concentration in DMAc) derived from 4,4’-oxybis(benzoyl chloride) in transparen-
cy. The positive-type PSPBO was then formulated based on PHA-3 with a cross-linker 1,3,5-tris[(2-vinyloxy)ethoxy]-
benzene (TVEB) and a photoacid generator (5-propylsulfonyloxyimino-5H-thiophen-2-ylidene)-2-(methylphenyl)-
acetonitrile (PTMA), and the resulting polymer film (1.5 um-thick) demonstrated the high photosensitivity and contrast
of 32 mJ/cm? and 7.2, respectively. A clear positive image featuring 6 um line-and-space was obtained, when a 6.0 um-
PSPBO film containing PHA-3, TVEB, and PTMA (15:3:2 in weight ratio) was exposed to i-line at 80 mJ/cm?, post-
baked at 120 °C for 5 min, developed with an alkaline tetramethylammonium hydroxide solution. The positive image

was converted to the corresponding polybenzoxazole pattern upon heating at 350 °C.  [doi:10.1295/polymj.PJ2006114]
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The thermal and dielectric characteristics of photo-
sensitive polyimide (PSPI) are acceptable for a num-
ber of applications in the semiconductor industry,
and a wide variety of PSPI has been developed and
are made commercially available to meet require-
ments of different applications, such as inter-level in-
sulation, stress buffer layer, and a-ray shielding layers
of semiconductor devices.! PI, however, has numer-
ous imide groups that increase water uptake and di-
electric constant.”? Polybenzoxazole (PBO) is known
as an super engineering thermoplastics, and its proper-
ties are comparable with PI. In addition, the absence
of carbonyl group in PBO results in lower water up-
take and dielectric constant.> Thus, the photosensitive
polybenzoxazole (PSPBO) is attracting great attention
as substitute for conventional PSPI in recent years.*~!?

The commercially available PSPBO is based on
poly(o-hydroxy amide) (PHA), which is usually pre-
pared by polycondensation of 4,4’-(hexafluoroiso-
propylidene)bis(o-aminophenol) (12) and 4,4'-oxybis-
(benzoic acid) (8a) using a condensation agent, be-
cause of its high transparency at 365 nm wavelength
(i-line).'>!* There is an increasing demand for thicker

films for small package to act as a buffer layer and a-
ray shielding applications,'>!® consequently, it is quite
important to develop a novel photosensitive polymer
with higher transparency for UV lithography. The ab-
sorption of PI and PBO in i-line region corresponds to
the excitation of electrons such as transitions involv-
ing p, s, and n electrons, charge-transfer (CT) elec-
trons, and d and f electrons. Recently, we have dem-
onstrated that the time-dependent density functional
theory (TD-DFT) calculations using the B3LYP hy-
brid functional with the 6-3114-+G(d,p) basis set
can well reproduce UV spectra in the measurements
of model compounds without incorporation of empir-
ical corrections.!” Utilizing this method, the absorp-
tion in i-line region of the above mentioned PHA
was found to be the CT type transition between the
benzoic acid and the o-hydroxyamide rings. There-
fore, we designed and prepared a novel transparent
PSPBO based on 4,4'-sulfonylbis(o-aminophenol)
(13) and 4,4’-oxybis(benzoyl chloride) (8b) for i-line
lithography.!® Introduction of a sulfone group as a
substitute for hexafluoroisopropylidene group is effec-
tive to lower the HOMO levels, and thus increases
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the band gaps, which causes hypochromic (blue) shifts
of the absorptions originating from the HOMO —
LUMO transitions.

We here describe the design and synthesis of a nov-
el PSPBO with higher transparency at 365 nm wave-
length based on 12 as one of the monomers. The struc-
ture of PBO precursor is designed to prevent the CT
transition using the prediction of our calculation meth-
od. Thus, 3,3’-bis(2-methylbenzoyl chloride) (9b) or
2,4-dimethylterephthaloyl chloride (10b) as a bis(car-
boxylic acid) derivative and 12 as a bis(o-hydroxy-
amine) are used as monomers, and a novel PSPBO
for i-line lithography is formulated using 1,3,5-tris-
[(2-vinyloxy)ethoxy]benzene (TVEB)! as an acido-
lytic de-cross-linker, and (5-propylsulfonyloxyimino-
5H-thiophen-2-ylidene)-(2-methylphenyl) acetonitrile
(PTMA)? as a photoacid generator in conjunction
with the preparing PHA.

EXPERIMENTAL

Materials

o-Hydroxybenzamides, 2-hydroxybenzanilide (1),’!
2-methyl-2"-hydroxybenzanilide (2),*> and 2-benz-
amidophenyl benzoate (6)>} were prepared accord-
ing to the literature. Bis(o-hydroxyamide)s 12 and
13 were prepared according to the literature.'® Com-
pounds 8a and 10a were purchased from TCI Organic
Chemicals and used as received. PHAs were prepared
by polycondensation of diacid chlorides and bis(o-
aminophenol)s in the presence of LiCl as an additive.
1-Methyl-2-pyrrolidinone (NMP) was purified by vac-
uum distillation from calcium hydride and stored over
4 A molecular sieves. Tetrahydrofuran (THF) was
purified by distillation from sodium metal and benzo-
phenone. Zinc powder is washed with 1 mol/L hydro-
chloric acid and ethanol, dried at 100°C in vacuo
for 2h. PTMA and TVEB were kindly donated from
Ciba specialty and Tokyo Ohka Kogyo Co. Ltd, re-
spectively, and used as received. Other reagents and
solvents were used as received.

Model Compounds

The following model compounds were prepared
from the corresponding acid chlorides and amines
according to the literature.
Compound 1. 85% yield. mp 175-176°C (lit.>' 170-
171°C).
Compound 2. 82% yield. mp 182—-187°C (lit.*> 182—
183°0C).
2-Methoxy-2'-Hydroxybenzanilide (4). 90% yield. mp
203-206 °C. Anal. Calcd for C;4H;3N;05: C, 69.12%;
H, 5.39%; N, 5.79%; Found: C, 69.84%; H, 5.60%; N,
5.74%.
2,6-Dimethoxy-2'-Hydroxybenzanilide (5). 75% yield.
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mp 210-214°C. Anal. Calcd for C15H15N104Z C,
65.92%; H, 5.53%; N, 5.13%; Found: C, 66.64%; H,
5.64%; N, 4.70%.

2-Benzamidophenyl Benzoate (6). 91% yield. mp 262—
263 °C (lit.2! 264 °C).

Synthesis of 2-Methyl-3-Chlorobenzoic Acid Methyl-
ester (7)

The title compound was prepared according to the
literature.”® Thus, to a solution of 3-chloro-2-methyl
benzoic acid (10.0g, 58.8 mmol) in methanol (100
mL) was added several drops of concentrated sulfuric
acid. The mixture was refluxed for 24 h, cooled to
room temperature, and evaporated under the reduced
pressure. The residue was poured into water, and the
precipitate was collected, washed with water, and
dried in vacuo at 50°C over P,0Os. Recrystallization
from methanol and water (1:4 in volume) gave white
crystals. The yield was 10.2 g (94%). mp 34 °C (lit.>*
16.5°C).

Synthesis of 2,2'-Dimethyl-Biphenyl-3,3'-Dicarboxylic
Acid (9a)

To a solution of tetracthylammonium iodide (1.5 g,
6.0mmol) in THF (50 mL) was added bis(triphenyl-
phosphine)nickel(I) dicloride (2.13g 3.20 mmol)
and zinc powder (2.45¢g 37.5 mmol) under nitrogen.
The mixture was kept stirring for 30 min at 25°C,
and then 7 (4.50 g, 24.4 mmol) was added. The mix-
ture was stirring for 20h at 50°C, and the resulting
solution was filtered, and evaporated. The residue
was dissolved in EtOH (50mL) and KOH (6.8¢g
123.6 mmol) was added. The mixture was refluxed
for 7h, cooled to room temperature, and 1 N HClaq
was added until the pH value became about 1. The
precipitate was collected, washed with water, and
dried in vacuo at 50°C over P,0Os. Recrystallization
from methanol gave white crystals. The yield was
2.2g (67%). mp 279-282°C. IR (KBr, cm™!): 3300—
3000 (O-H), 1681 (C=0). 'HNMR (300MHz,
DMSO-dg, §, ppm): 7.79 (dd, 2H, ArH), 7.36 (t, 2H,
ArH), 7.25 (dd, 2H, ArH) 2.15 (s, 6H, —CH3). Anal.
Calcd for CigH404: C, 71.10%; H, 5.22%; O,
23.68%; Found: C, 71.51%; H, 5.37%; O, 23.12%.

Synthesis of 2,4,6-Trimethylisophthalic Acid (11a)
Into a flask containing KOH (7.3 g, 130 mmol) and
water (250mL) was added 2,4-bis(chloromethyl)-
1,3,5-trimethylbenzene (6.5g, 32.5mmol), and the
mixture was refluxed for 24h. The solution was
cooled to room temperature, and KMnO,4 (2.1g, 13.2
mmol) was carefully added. After 12h, the solution
was filtered to remove inorganic salts, and acidified
with HClaq. The precipitate was washed with water
and dried under reduced pressure at 50°C for 12h.
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The yield was 5.8g (86%). 'H NMR (300 MHz,
DMSO-dg, 6, ppm): 6.83 (s, 1H, ArH), 2.31 (s, 3H,
—CH3), 2.27 (S, 6H, —CH3). Anal. Calcd for C11H1204I
C, 63.45%; H, 5.81%; O, 30.74%; Found: C, 63.49%;
H, 5.90%; O, 30.68%.

Diacid Chlorides

The following diacids chlorides were prepared by
refluxing the corresponding diacids in SOCI,, and
recrystallized from hexane.
Compound 8b 66% yield. mp 83-84°C (lit.'® 91 °C).
3,3'-Bis(2-methylbenzoylchloride) (9b) 58% yield. mp
74-75°C. Anal. Calcd for C;¢H404: C, 71.10%; H,
5.22%; O, 23.68%; Found: C, 71.19%; H, 5.29%; O,
23.62%.
2,5-Dimethylterephthaloyl Dichloride (10b) 64%
yield. mp 118-119°C (lit.* 120-121°C).
2,4,6-Trimethylisophthaloyl Dichloride (11b) 62%
yield. bp 60°C/9 mmHg. Anal. Calcd for CHjo-
CL,0,: C, 53.90%; H, 4.11%; O, 13.06%; Found: C,
53.85%; H, 4.07%; O, 13.10%.

Polymerization

Typical polymerization procedure is as follows:
To a solution of 13 (733 mg, 2.00 mmol) and LiCl
(216 mg 5.1 mmol) in NMP (10 mL) was added drop-
wise 9 (540 mg, 2.00 mmol) at 0°C. Polymerization
was kept at that temperature for 30 min, and then at
25°C for 24h. The resulting viscous solution was
poured into methanol and water (vol % 1:1), and the
precipitate was filtered and dried at 100°C under
reduced pressure, giving white powder.
PHA-3 The yield was 1.18 g (99%): M, and M,,/M,:
8000 and 1.9 (determined by GPC (DMF, PSt stand-
ards)). IR (film) = 3413 (O-H stretching) and 1654
(NHC=O stretching) cm~'. '"H NMR (DMSO-ds) =
10.33 (s, 2H —OH), 9.65 (s, 2H amide) 8.07 (s, 2H)
7,60 (d, 2H) 7.43 (t, 2H) 7.26 (d, 4H) 7.06 (s, 2H)
2.16 (s, 6H) ppm. Anal. Calcd for C3;HpFsN,Oy4:
C, 62.00%; H, 3.69%; N, 4.66%; Found: C, 61.95%;
H, 4.66%; N, 4.76%.
PHA-4 The yield was 1.04 g (99%): M, and My,/M,:
11000 and 2.1 (determined by GPC (DMF, PSt stand-
ards)). IR (film) = 3424 (O-H stretching) and 1654
(NHC=O stretching) cm~'. 'H NMR (DMSO-ds) =
10.29 (s, 2H —OH), 9.43 (s, 2H amide) 8.00 (s, 2H)
7,46 (s, 2H) 7.00 (s, 2H) 2.51 (s, 6H) ppm. Anal.
Calcd for CysHgFgN,Oy4: C, 57.26%; H, 3.46%; N,
5.34%; Found: C, 56.35%; H, 4.29%; N, 6.17%.
PHA-5 (containing ester) The yield was 1.04 g (55%):
M, and M, /M,: 6800 and 1.8 (determined by
GPC (DMF, PSt standards)). IR (film) = 3448 (O-H
stretching) and 1751 (OC=O0 stretching) 1640-1670
(NHC=O stretching) cm™".
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PHA-6(tert-BOC Functionalized PHA)

Into a flask containing PHA-1 (0.295g, 0.526
mmol/unit) in NMP (3 mL) were added di-tert-butyl-
dicarbonate (0.230 g, 1.06 mmol) and 4-N,N-dimethyl-
pyridine (0.13 g, 1.06 mmol) at 25°C. After 2h, the
solution was poured into water, and precipitate was
collected, dried under reduced pressure at 50°C to
give white powder. The yield was 0.280g (75%):
M, and My,/M,: 30000 and 1.7 (determined by GPC
(DMF, PSt standards)). IR (film) = 1751 (OC=0
stretching) 1654 (NHC=O stretching) cm~! Anal.
Calcd for C39H34F6N2092 C, 5939%, H, 435%, N,
3.35%; Found: C, 59.21%; H, 4.66%, N, 3.39%.

Dissolution Rate

All baking processes were performed on a hot plate
with a digital thermo-controller. TVEB (5-15 wt % to
PHA) and PTMA (1-5 wt % to PHA) were dissolved
in PHA solution in DMAc (20wt% of PHA) to
construct a photosensitive polymer. The polymer film
spin-cast on a silicon wafer was prebaked (PB) at 80—
130°C for 5min, exposed to a filtered super-high-
pressure mercury lamp at i-line, post exposure baked
(PEB) at 100-130°C for 5min, and developed with
a 2.38 wt % tetramethylammonium hydroxide aqueous
solution (TMAHaq) at 25 °C. The changes in the film
thickness to TVEB, PTMA, and baking temperatures
were measured with a Dektak® surface profiler.

Photosensitivity

A 3um thick polymer film on a silicon wafer was
PB at 120°C for 5min, exposed to i-line, PEB at
120°C for S5min, and developed with 2.38 wt %
TMAHaq at 25°C. A characteristic curve was ob-
tained by plotting a normalized film thickness against
exposure energy. The image exposure was obtained
as a contact print.

Measurements

Infrared (IR) spectra were recorded on a Horiba
FT-210 spectrophotometer. Ultraviolet-visible (UV-
vis) spectra were obtained on a Jasco V-560 spectro-
photometer. Number- and weight-average molecular
weights (M, and M,,) were determined by a gel per-
meation chromatography (GPC) with polystyrene cal-
ibration using Tosoh HLC-8120 system equipped with
polystyrene gel columns (TSK GELs, GMHygr-M and
GMHpr-L) at 40°C in DMF (containing 0.01 M of
lithium bromide, the flow rate: 1.0mL min~'). Film
thickness was measured by a Dektak® surface profiler
(Veeco Instrument Inc). The scanning electron micro-
scope (SEM) photos were taken with a Technex Lab
Tiny SEM 1540 scanning electron microscope with
15kV accelerating voltage for imaging.
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Figure 1. Calculated A, against dihedral angles of 1.

RESULTS AND DISCUSSION

Prediction of UV Absorption around 365 nm Wave-
length of o-Hydroxyamide Derivatives

In a previous paper,'® the absorption in i-line region
of PHA was found to be the CT type transition be-
tween the benzoic acid and the o-hydroxybenzamide
rings, and UV absorptions of o-hydroxybenzamide
and PHA were well reproduced by the TD-DFT theory
using the B3LYP hybrid functional with the 6-
3114++G (d, p) basis set. Using this calculation, the
effect of dihedral angles of ¢ (between o-hydroxy-
benzene and amide planes) and ¥ (between benzene
and amide planes) in 1 on the maximum UV absorp-
tion (Amax) is illustrated in Figure 1. The A, value
for ¥ decreases continually from 345 nm at 0°, shows
a minimum of 280nm at 90°, and then increases
to 345nm at 180°. On the other hand, after a little
decrease from 305nm at 0° to 295nm at 90°, the
Amax value for ¢ increases more rapidly to 355 nm at
180°. These indicate that increasing dihedral angles
decreases HOMO level and increases LUMO level,
resulting in large band-gap (blue shift). Moreover, in
the case of the angle ¢, the band-gap energy is also re-
lated to hydrogen bonding between hydroxyl and car-
bonyl moieties. The structure of o-hydroxybenzamide
to have the optimum energy was determined by our
calculation method, in which the angles ¢ and ¥ were
calculated to be 150° and 156°, respectively. Based on
the calculation described above, to shift the A, value
into shorter wavelength, introduction of substituents
on ortho position of amide group is effective. Thus,
several o-hydroxybenzamide derivatives were investi-
gated by our calculation to predict their absorbance
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Figure 2. Calculated UV-vis spectra of o-hydroxybenz-
amides.

in i-line region.

Figure 2 depicts the dihedral angles on optimum
energy, and variation of calculated absorbance with
wavelength of UV light for various o-hydroxybenz-
amides 1-6. As our prediction, introduction of sub-
stituents such as methyl (2), dimethyl (3), and dime-
thoxy (5) groups effectively increases the dihedral
angles of ¥, and lower the Ay, values from 333 nm
to 315, 270, and 303 nm, respectively. On the other
hand, incorporation of monomethoxy unit (4) decreas-
es the value of ¥ and thus increases the A,.x values
from 333nm to 340nm. This may be explained by
the formation of hydrogen bonding between amide
proton and methoxy oxygen. The Ap,x of CT transi-
tion of 6 is observed at 283 nm, which indicates scis-
sion of hydrogen bonding and introduction of substitu-
ents on ortho position are efficient to lower Apyax
values.

Synthesis of Various o-Hydroxyamides, Their UV
Aborptions

Figure 3 depicts the observed transmittance of o-
hydroxybenzamide, 1, 2, 4, 5, and 6, which were pre-
pared by selective amidation of o-aminophenol with
the corresponding benzoyl chlorides in the presence
of LiCl. Non-substituted o-hydroxybenzamide 1 ab-
sorbs the light above 320 nm, thus opaque at i-line.
Introduction of substituents is effective to twist the
conjugated planes, resulting in increasing band-gap
energy and increasing transmittance at i-line. In addi-

Polym. J., Vol. 39, No. 1, 2007
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Figure 3. UV-vis spectra of o-hydroxybenzamides in DMAc
(1.0 x 10~3 mol/L).
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tion, depending on the substituents the transmittance
of the substitutes is different, and the order of the
transparency was 4 <1 <2 <5 < 6, which were
well predicted by our MO calculations in Figure 2.
Therefore, we chose dicarboxylic acid derivatives 8—
11 as a comonomer of diamines 12 and 13 (Figure 4).

Synthesis of Dicarboxylic Acid Chlorides, PHAs, and
Their UV-Absorption

Based on the preliminary study, we designed co-
monomers 8b—11b, which were prepared by refluxing
the corresponding dicarboxylic acids in thionyl chlo-
ride, followed by recrystallization from hexane in
moderate yield (58—-64%). Compound 9a was prepared
from 3-chloro-2-methylbenzoic acid, followed by es-
terification, cross-coupling reaction using Ni catalyst,
and alkaline hydrolysis of the ester (Scheme 1). Com-
pound 11a was prepared from 2,4-bis(chloromethyl)-
1,3-5-trimethylbenzene, followed by alkaline hydroly-
sis, and oxidation as shown in Scheme 2. Using these
comonomers, PHAs were prepared by conventional
polycondensation in the presence of LiCl as an addi-
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tive (Scheme 3, runs 1-5 in Table I). All the polymers
except for that from 12 and 11b (PHA-5) were ob-
tained in excellent yield, and showed characteristic
amide absorptions at 1654cm~!, and no absorption
was observed at 1743 cm~! corresponding to ester car-
bonyl stretching in IR spectra. PHA-S obtained from
12 and 11b contains ester linkage as well as desired
amide bond, suggesting esterification partially occur-
red during polycondensation. The molecular weights
of PHA-3, 4, 5 from comonomers 9b-11b were not
high (runs 3-5) compared to PHA-1,2 from comono-
mer 8b, probably due to the steric hindrance of 9b-
11b. The molecular weights of these polymers were
over 7,000, and the films were transparent and colored
slightly yellow, indicating these can be applicable to
photosensitive polymer.

Figure 5 depicts the transmittance of prepared
PHA-1-5 and PHA-6 in DMAc (1 mmol/L unit),
which was obtained by condensation of PHA-1 with
di-tert-butyldicarbonate. While the conventional PHA
(PHA-1) shows 82% transparency at i-line, all the pre-
pared PHAs show better transparency. The transparen-
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Table I. PHA synthesis 100
. . Diacid .
PHA Bis(o-aminophenol) . Yield M,* My/M,*
chloride 80
1 12 8b 93 25000 1.6 9
2 13 8b 92 28000 2.4 95
3 12 9 99 8000 2.1 c 60
4 12 10b 98 11000 2.2 ;E
s 12 11Ib 55 6800 1.7 £ 40
ey
“Determined by GPC (PSt, DMF). ’Containing ester in the S
main chain. 20
cy of the PHAs is in the order of PHA-1, 2 < 3,4 < 0

5 < 6, which are well agreed with the transparency of
model compounds. Especially, PHA-3-6 show excel-
lent transparency over 90%, however, PHA-5 con-
tained a ester linkage in the backbone. To make a pho-
tosensitive polymer film using the system described in
our previous paper,'® an alkaline developable group
—OH should be in a polymer chain, thus PHA-S and
PHA-6 were not suitable for this purpose. However,
there can be little doubt that PHA-6 is still a good can-
didate to make a transparent photosensitive PBO film
if it was mixed with a photoacid generator. Consider-
ing the solubility and film formation property, PHA-3
was selected as an alkaline developable matrix for the
PSPBO.

Photopatterning of PHA-3 Based Photosensitive Poly-
mer Using Cross-Linker and PAG

The PSPBO was then formulated with PHA-3,
TVEB, and PTMA for i-line lithography. A positive-
tone pattern formation mechanism is described in a
previous report.'® Thus, the photosensitive polymer
film was produced by spin-cast a resist solution, fol-
lowed by thermal treatment (PB) to promote the
cross-linking between PHA-3 with TVEB via acetal
linkage. Irradiation with i-line causes degradation of
PTMA, producing a sulfonic acid that promotes scis-
sion of acetal linkage between PHA-3, resulting in
the alkaline developable film. To obtain high resolu-
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Figure 5. Transparency of PHAs in DMAc (1.0 x 1073
mol/L).

tion and contrast, the effects of PB and PEB temper-
atures, and amounts of TVEB and PTMA loadings
were investigated.

PHA-3 and TVEB were dissolved in DMAc (PHA
content 20 wt %), and the solution was spin-cast on
a silicon wafer to obtain a 1.7 um thickness polymer
film. TVEB (15 wt % to PHA) was loaded and the film
was PB for 5 min. Increasing the PB temperature, the
cross-linking reaction of PHA with TVEB proceeded,
finally (at 110 °C) resulting in the insoluble film with
an alkaline developer as shown in Figure 6. TVEB
loading was also effective to promote cross-linking re-
action within the film. Thus, TVEB (0-15 wt %) was
dissolved in PHA-3 (20wt% in DMAc), and the
spin-cast film was prebaked at 120°C for 5 min, and
developed with a 2.38wt% TMAHaq solution at
25°C. As shown in Figure 7, the dissolution rate grad-
ually decreases with increasing the amounts of TVEB.
The film was almost insoluble in the developer at
15 wt % loading of TVEB. PTMA was then added as
a film component to formulate the PSPBO film. For
the effective decross-linking reaction of the film with

Polym. J., Vol. 39, No. 1, 2007
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tions; PHA-3, TVEB (15wt% to PHA) in DMAc (20wt % of
PHA), PB for 5min, 2.38 wt % TMAH solution at 25°C as a
developer.
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Figure 7. Relationship between dissolution rate and TVEB
loading. Conditions; PHA-3, TVEB (0-15wt%) in DMAc (20
wt % of PHA), PB at 120 °C for 5 min, 2.38 wt % TMAH solution
at 25°C as a developer.

PTMA, the PEB temperature to diffuse the generated
acid within the film and the amounts of this reagent
are critical. Figure 8 depicts the effect of PEB temper-
ature on dissolution rate of the photosensitive film.
The film was prepared by spin-casting the PHA-3
solution containing 15wt% of TVEB and 10wt %
of PTMA, prebaked at 120 °C for 5 min, exposed with
365nm light at 100mJcm™2, PEB at 80-140°C for
5 min, developed with a 2.38 wt % TMAHaq solution
at 25°C. The dissolution rate dramatically increases
at 100°C, from which becomes slow increase up to
140 °C. These results indicate that PEB treatment pro-
moted the diffusion of the photo-generated acid in the

Polym. J., Vol. 39, No. 1, 2007
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Figure 8. Effect of PEB temperature on dissolution rate. Con-
ditions; PHA-3, TVEB (15wt %), PTMA (10wt %) in DMAc
(20wt % of PHA), PB at 120°C for 5min, i-line exposure at
100 mJ/cm?, PEB for 5min, 2.38 wt % TMAH solution at 25°C
as a developer.
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Figure 9. Effect of PTMA loading on dissolution rate. Condi-
tions; PHA-3, TVEB (15wt %), PTMA in DMAc (20wt % of
PHA), PB at 120°C for 5min, i-line exposure at 100 mJ /cmz,
PEB at 120°C for 5min, 2.38 wt % TMAH solution at 25°C as
a developer.

film, accelerating the decross-linking reaction.

Figure 9 illustrates the relationship between the dis-
solution rate of the exposed film and the amounts of
PTMA. Decreasing the amounts of PTMA decreased
the dissolution rate, thus at least 10 wt % PTMA was
required to obtain a good dissolution contrast.

Based on the above experimental results, the
PSPBO was made by PHA-3, TVEB (15wt %), and
PTMA (10 wt %) in DMAC (PHA 20 wt %), spin-cast
on a silicon wafer (film thickness 3 um), PB at 120 °C
for 5min, exposed with i-line, PEB at 120°C for
5min, developed with TMAHaq at 25°C to make
photosensitive curve. From the minimum dose of i-
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Figure 10. Photosensitivity curves of PHA-3 based photosen-
sitive polymers. Conditions; PHA, TVEB (15wt%), PTMA
(10wt %) in DMAc (20wt % of PHA), PB at 120°C for 5 min,
i-line exposure at, PEB at 120°C for 5Smin, 2.38 wt % TMAH
solution at 25 °C as a developer.

Figure 11. A representative SEM image of PSPBO film (3 pm
thickness) derived from PHA-3.

line and the slope in Figure 10, the sensitivity and
contrast of this PSPBO was determined to be 32 mJ/
cm? and 7.2, respectively. Thus, the photo patterning
was performed with i-line exposure at 80 mJ/cm? us-
ing above-mentioned conditions. The clear positive-
tone image featuring 6 um line and space was ob-
tained as shown in Figure 11, and this image was
almost maintained even after the film was cured con-
secutively for 1h at each temperature 250, 300, and
350 °C to make the patterned PBO film (Figure 12).

CONCLUSIONS

Time-dependent density functional theory (TD-
DFT) calculations using the B3LYP hybrid functional
were found to be useful to predict the transparencies
of various o-hydroxybenzamides in the i-line region.
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Figure 12. A representative SEM image of PSPBO film (3 um
thickness) derived from PHA-3 cured consecutively for 1 h at each
temperature, 250, 300, and 350 °C.

The absorbance of o-hydroxybenzamide at i-line re-
gion was revealed that the CT transition of aminophe-
nol (HOMO) to benzoic acid units (LUMO). The
band-gap energy of it was related to the dihedral an-
gles between these two benzene rings, which were
confirmed by the UV absorption of several o-hydroxy-
benzamides prepared by condensation of o-amino-
phenol with benzoic acid derivatives. Thus, PHAs
were prepared by the conventional polycondensation
in the presence of LiCl as an additive, and their trans-
mittance at i-line were found in the order of the model
compounds. One of the transparent PHA prepared
in this study was applied to a photosensitive poly-
mer matrix. The novel PSPBO consisting of PHA-3,
TVEB, and PTMA showed the high photosensitivity
and contrast. A positive image featuring 6 um line
and space was obtained by the contact printed image
of the PHA-3 film after alkaline development, and it
was successfully converted to the corresponded PBO
image by thermal treatment.
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