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ABSTRACT: An aqueous base-soluble polyimide (BAPAF/6FDA) was obtained from the
polycondensation of 2,2-bis(3-amino-4-hydroxyphenyl)hexafluoropropane (BAPAF)
and 4,4 *- (hexafluoroisopropylidene) –bis(phthalic anhydride (6FDA). It exhibits high
thermal stability and high transparency at 365 nm. A novel positive photoresist was
prepared by protecting BAPAF/6FDA with a trimethylsilyl group while using diazo-
naphthoquinone as the photosensitizer. In addition, the silylated polyimide was con-
verted to aqueouse base-soluble polyimide in the presence of an acid and a slight
amount of water. This photoresist yields a sensitivity of 110 mJ/cm2 and a contrast of
3.24. q 1998 John Wiley & Sons, Inc. J Appl Polym Sci 67: 1313–1318, 1998

INTRODUCTION low dielectric constant have been important or-
ganic materials in the manufacturing of electronic
devices. In recent years,3 the applications of pho-A positive photoresist based on novolac resin/di-
toreactive polyimides and their precursors to pas-azonaphthoquinone photosensitizer systems has
sivation layers, alpha particle barriers, stressbeen extensively utilized due to its desirable com-
buffers, and interlayer dielectrics are increasinglybinations of availability and material properties,
important in place of nonphotoactive polyimides.e.g., lithographic sensitivity and aqueous base sol-
A number of photoactive polyimides4,5 and theirubility. The systems are the standard materials
precursors6–8 have been reported; however, mostused in semiconductor manufacturing. However,
of them are not satisfactory for practical use.the advancements in IC fabrication processes re-
Novel photoactive polyimide precursors, having aquire the photoresist to withstand elevated tem-
hexafluoropropyl group within the chain struc-peratures and harsh environments during pro-
ture, have been studied.9–12 However, most photo-cessing to maximize wafer throughput and device
active polyimides and their precursors are nega-yields. Some of the processing steps include high
tive-working and reports on positive-working pho-current ion implantation, plasma etching, reac-
toactive polyimides or precursors are very limited.tive ion etching, and metal deposition. Recent de-
Positive-working polyimides13–17 have receivedvelopments in photoresists include modification
increasing interest in recent years, demonstratingin materials as well as in the processing condi-
improvements in transparency and solubility intions, such as in the use of high molecular weight
common organic solvents. This article reports onnovolac, resin-bound sensitizer, silicone-modified
the preparation and properties of a novel positive-novolac, and changes in processing parameters
working, photoactive polyimide with a trimethyl-like the post-bake cycle and deep UV hardening1,2

silyl group which can be deprotected by acid.to enhance the resist’s thermal stability.
Polyimides with a high thermal stability and EXPERIMENTAL

Materials
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by recrystallization from methyl alcohol. 4,4 *-
(Hexafluoroisopropylidene) –bis(phthalic anhy-
dride) (6FDA, Hoechst Celanese Co.) was used as
received. Both N,N-dimethylacetamide (DMAc,
Merck Co.) and tetrahydrofuran (THF, Aldrich
Co.) were dried over a 4 Å molecular sieve and
fractionally distilled under a vacuum from cal-
cium hydride. Other materials from commercial
sources were used as received.

Synthesis of Polyimide Protected by a
Trimethylsilyl Group

The soluble polyimide (BAPAF–6FDA) was pre-
pared according to the following reaction: The po-
lymerization was conducted in a closed vessel at
room temperature at a concentration of 15% solids
by weight in DMAc. A stoichiometic amount of
6FDA was added to a solution of the BAPAF in
DMAc. The container was flushed with dry nitro-
gen and mechanically stirred overnight. The ob-

Scheme 1tained polyamic acid was thermally cyclized at
1507C for 3 h. During this step, the water elimi-
nated by its ring-closure reaction was separated

min. The dissolution rate was measured using in-as the m-xylene azeotrope at the same time. After
terferometry.the reaction was completed, BAPAF–6FDA was

precipitated from the DMAc solution with water
and dried at 507C in a vacuum oven overnight. Lithographic Evaluation
Five grams of BAPAF–6FDA was dissolved in 25

The polymer (1.0 g) was dissolved in DMAc andg of THF, and 1.4 g of trimethylchlorosilane was
0.2 g of a diazonaphthoquinone sensitizer wasthen added to the solution. After the solution was
added to prepare the photoresist solution. The so-mechanically stirred for 5 min at 07C, 1.5 g of
lution was filtered through a 0.45 mm filter. It wastriethylamine was added dropwise to the solution.
spread on a silicon wafer using a spincoater withThe solution was reacted for 24 h at room temper-
a speed of 1500 rpm to form a photoresist layerature and then poured into an excess amount of
and then prebaked at 907C for 3 min. Approxi-ice water to precipitate the polymer. The precipi-
mately 1 mm of the photoactive polyimide film ontated polymer was filtered and dried rapidly in a
a silicon wafer was exposed to a filtered high-pres-vacuum oven. The preparation steps are illus-
sure mercury lamp at a 365 nm wavelength, thentrated in Scheme 1.
developed in a 0.05N NaOH aqueouse solution. A
characteristic curve was obtained by the normal-
ized film thickness against the exposure energy.Measurements

IR spectra were recorded on a Perkin-Elmer 842
spectrophotometer. 1H-NMR spectra were ob- RESULTS AND DISCUSSION
tained on a Bruker MSL-400 spectrometer, using
DMSO-d6 as a solvent. UV-visible spectra were Synthesis and Characterization of Polyimide
obtained on a Hitachi 320 UV-vis spectrophotome- Protected by a Trimethylsilyl Group
ter. The thermal behavior of polymer was exam-
ined using a DuPont 2100, equipped with 900 dif- Polyimide BAPAF–6FDA exhibits high solubility

not only in common organic solvents but alsoferent scanning calorimetry (DSC) and 910 ther-
mogravimetric analyzer (TGA) modules. All in aqueous bases. However, the solubility of

BFPAF–6FDA in aqueous bases is diminished bymeasurements were taken at a heating rate of
107C/min in nitrogen with a flow rate of 50 mL/ protecting the hydroxyl group. The solubility dif-
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Figure 1 The order of the hydrolysis rate.

ference owing to this polarity change suggests the
Figure 3 1H-NMR spectrum of 6F-TMS and BAPAF–potential design of a highly sensitive positive- 6FDA.

working polyimide photoresist incorporating a
chemical amplification process.

In 1989, Yamaoka et al.18 examined the rate of rate of hydrolysis and good stability in the ab-
acid-catalyzed hydrolysis which was carried out sence of acid, in spite of the fact that dimethylsilyl
with a series of trialkylsilylated phenols and triar- exhibits the highest hydrolysis rate (Fig. 1).18

ylsilylated phenols. The hydrolysis rate seems to Polyimide protected by a trimethylsilyl group
be governed by the steric hindrance of the trisub- (6F-TMS) was synthesized by reacting BAPAF–
stituted silyl group rather than by the electric in-
duction effect since no obvious correlation be-
tween the rate of hydrolysis and Hammet’s s
value of the silylating substituent was observed.
In this report, trimethylsilyl was chosen as the
protecting group in polyimide, because of its high

Figure 4 The transmittance spectrum of 1 mm-thick
film of 6F-TMS.Figure 2 IR spectrum of 6F-TMS and BAPAF–6FDA.

4793/ 8e13$$4793 12-07-97 14:31:31 polaa W: Poly Applied



1316 HO ET AL.

ular structure by employing the sterical hin-
drance effect of the 6F group.

Thermal Behavior of 6F-TMS

The thermal behavior of 6F-TMS was obtained
with TGA and DSC measurements (Fig. 5). Two
obvious weight loss regions, one representing an
endothermic mass loss between 157 and 2857C,
and the other, an exothermic mass loss starting
at around 4007C, are observed. The 15% weight
loss of the first region is closely related to the
weight percent of the trimethylsilyl group in
6F-TMS.

Acid Precursor

A variety of acid precursors used to generate an
acid upon exposure to light include the well-stud-

Figure 5 TGA and DSC curves for 6F-TMS at a heat-
ied onium salts, the conventional diazonaphtho-ing rate of 107C/min in nitrogen.
quinone photosensitizer, a family of nitrobenzyl
esters, and a variety of halogenated organic com-
pounds including 1,1-bis(p -chlorophenyl)-2,2,2-

6FDA with trimethylchlorosilane in THF with a trichloroethane and substituted s-triazine deriva-
triethylamine catalyst at room temperature for tives. In this study, a diazonaphthoquinone photo-
24 h. The structure characterizations of 6F-TMS
were examined with IR and 1H-NMR spectra. Fig-
ure 2 depicts the IR spectra of 6F-TMS compared
with BAPAF–6FDA. The disappearance of the
{OH group at 3000–3600 cm01 and the appear-
ances of a new {Si(CH2) peak at (1265 and 815
cm01) and a {Si{O peak at 1065 cm01 indicate
that the silylation of BAPAF–6FDA was success-
ful. The existence of a trimethylsilyl group in 6F-
TMS was also confirmed by 1H-NMR (Fig. 3). The
proton in the hydroxyl group (10.4 ppm) disap-
pears after the silylation reaction while new
peaks which are due to the proton of the {CH3

of the trimethylsilyl group appear at 0.15 ppm.
From IR and 1H-NMR spectra, the trimethylsilyl
group was proved to be 100% introduced into the
hydroxyl group of BAPAF–6FDA.

Figure 4 displays the transmittance spectrum
of 1 mm-thick film of 6F-TMS. Strong absorptions
with a cutoff located between 300 and 400 nm are
observed. The transmittance at 365 nm is 94%,
indicating that 6F-TMS exhibits a high transpar-
ency in this wavelength region. St Clair et al.
demonstrated that polyimides containing the hex-
afluoroisopropylidene (6F) group exhibited a high
transparency in the UV-visible region. Their
approaches involved separating chromophoric
groups and reducing the electronic interaction be-

Scheme 2tween color-causing centers in the polymer molec-
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was developed in 0.05N NaOH was measured and
is shown in Figure 7. This system’s sensitivity is
approximately 110 mJ/cm2 and the contrast is
3.24, which were obtained at a development time
of 60 s.

CONCLUSION

A novel polyimide (6F-TMS) was synthesized by
protecting BAPAF–6FDA with the trimethylsilyl
group. This polyimide has adequate soluble char-
acteristics and exhibits high transparency at 365
nm. It provides a positive-working resist when
formulated with a diazonaphthoquinone sensi-

Figure 6 UV absorption spectrum of 6F-TMS 1 mm-
thick film with 20 wt % diazonaphthoquinone photosen-
sitizer before and after exposure.

sensitizer is used and its structure is shown in
Scheme 2. The diazonaphthoquinone photosensi-
tizer is photochemically decomposed to give an
acid which deblocks the trimethylsilyl group in
6F-TMS as shown in Scheme 2. Figure 6 displays
the absorption spectrum of 1 mm-thick film of 6F-
TMS with the diazonphthoquinone photosensi-
tizer. On irradiating with UV light, the absorption
peaks at 365 and 410 nm are bleached.

Resist Characteristics

Unlike the conventional novolac positive photore-
sist, where the insolubility in the unexposure
areas is brought about by solubility inhibition of
the diazonaphthoquinone photosensitizer, the ad-
vantage of this positive photoresist is that 6F-
TMS is completely insoluble in aqueous bases un-
less it is exposed to UV light. The high solubility Figure 7 (a) Normalized film thickness vs. time in
contrast between the exposed and the unexposed developer curves for 6F-TMS with 20 wt % diazonaph-
areas is expected to give a high resolution. The thoquinone photosensitizer that received different ex-
exposure characteristic for 6F-TMS with 20 wt % posure doses. (b) Normalized film thickness vs. expo-

sure dose curve derived from (a).of the diazonaphthoquinone photosensitizer which

4793/ 8e13$$4793 12-07-97 14:31:31 polaa W: Poly Applied



1318 HO ET AL.

8. S. Kubota, T. Moriwaki, T. Ando, and A. Fukami,tizer, showing a sensitivity about 110 mJ/cm2 and
J. Appl. Polym. Sci., 33, 1763 (1987).with a contrast around 3.24.

9. T. Omote, T. Yamaoka, and K. Koseki, J. Appl.
Polym. Sci., 38, 389 (1989).

10. T. Omote, G. Jin, K. Koseki, and T. Yamaoka, J.REFERENCES Appl. Polym. Sci., 41, 929 (1990).
11. T. Omote, K. Koseki, and T. Yamaoka, Polym. Eng.

1. R. Allen, M. Foster, and Y. T. Yen, J. Electrochem. Sci., 29, 945 (1989).
Soc., 127, 1379 (1980). 12. D. N. Khanna and W. H. Mueller, Polym. Eng. Sci.,

2. H. Hiraoka and J. Pacansky, J. Electrochem. Soc., 29, 954 (1989).
128, 2645 (1981). 13. T. Omote, H. Mochizuki, K. Koseki, and T. Ya-

3. M. T. Pottiger, Solid State Technol., 32, S1 (1989). maoka, Makromol. Chem. Rapid Commun., 10, 521
4. T. Nakano, in Proceedings of Second International (1989).

Conference on Polyimides: Synthesis, Characteriza- 14. T. Omote, H. Mochizuki, K. Koseki, and T. Ya-
tion and Application, New York, 1985, p. 163. maoka, Polym. Commun., 31, 134 (1990).

5. J. Pfeifer and O. Rohde, in Proceedings of Second 15. T. Omote, K. Koseki, and T. Yamaoka, J. Polym.
International Conference on Polyimides: Synthesis, Sci. Part C Polym. Lett., 28, 59 (1990).
Characterization and Application, New York, 1985, 16. T. Omote, K. Loseki, and T. Yamaoka, Macromole-
p. 130. cules, 23, 4788 (1990).
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