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AZlDEiCONTAlNlNG PHENOLIC RESIN AS A NEGATIVE 
DEEP UV RESIST 

SABURO NONOGAKI and MINORU TORIUMI 

Central Research Laboratory 
Hitachi, Ltd. 
Kokubunji, Tokyo 185, Japan 

ABSTRACT 

A negative photoresist has been developed by partial esterification of 
poly@-hydroxystyrene) with p-azidobenzenesulfonyl chloride. About 
10% of esterification is sufficient to sensitize the polymer to light in 
the wavelength region between 240 and 300 nm. The dose required 
t:, insolubilize the polymer was 80 mJ/cmZ. The resolution capability 
is not as high as expected because of the swelling of photoinsolubilized 
resist films in an aqueous alkaline developer. 

INTRODUCTION 

The minimum feature size of microelectronic devices has been steadily 
reduced and is now entering the submicron region. Corresponding to this, the 
photoresist used to fabricate such devices is required to have a high resolution 
capability. Since conventional positive-tone photoresists meet this require- 
ment, they are now being used in large quantities to fabricate the most ad- 
vanced semiconductor devices such as 1 Mbit dynamic random access 
memories. 

Negative-tone photoresists composed of cyclized polyisoprene and aro- 
matic bisazide, which were used in the semiconductor industry almost exclu- 
sively in the past, are now being gradually replaced by positive photoresists 
because the resolution capability of this type of negative photoresist is lower 
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61 8 NONOGAKI AND TORlUMl 

than that of positive photoresist. The loss in resolution results from the swell- 
ing of photoinsolubilized resist frlms during the development process. 

cal example of such resists is the positive photoresist composed of Novolac 
and diazoquinone. Another example is a group of negative photoresists ob- 
tained by sensitizing poly(p-hydroxystyrene) with various kinds of aromatic 
azides [ 1-41 . The spectral sensitivity of these negative photoresists is depen- 
dent on the kind of azide used. For example, a resist named MRS and com- 
posed of poly(p-hydroxystyrene) and 4,4’-diazidodiphenylsulfone is sensitive 
to light in the deep UV wavelength range from 240 to 320 nm. 

Recently, the use of excimer lasers, which emit light in the deep W region, 
in photolithography has been proposed to improve the resolution of exposure. 
High-resolution photoresists are sensitive to deep W light. However, they are 
not necessarily suited for excimer laser lithography because most of them 
strongly absorb the light in the deep UV region. 

We have recently developed a new type of photosensitive polymer by partial 
esterification of poly(p-hydroxystyrene) with p-azidobenzenesulfonyl chloride. 
The polymer thus obtained is insolubilized by exposure to light in the wave- 
length range from 240 to 300 nm. Photoabsorption of the polymer in this 
wavelength range is not as strong as that of MRS. Therefore, the polymer is 
considered to  be a suitable photoresist for deep-UV lithography. The present 
paper describes the synthesis and characterization of this polymer. 

If a resist does not swell in a developer, its resolution can be high. A typi- 

EXPERIMENTAL 

Preparation of Sodium p-Azidobenzenesulfonate 

were dissolved in 100 mL water and cooled with ice. To the solution, 7 mL 
concentrated HC1 diluted with 10 mL water was added dropwise. The preci- 
pitated diazonium salt was separated from the solution by filtration, washed 
with 40 mL cold water, and then dispersed in 20 mL cold water. To the dis- 
persion, an aqueous solution of sodium azide (4 g dissolved in 10 mL) was 
added dropwise until no further nitrogen gas liberation took place on addi- 
tion of one more drop. The sodium salt was salted out by adding 7 g sodium 
chloride to the solution, separated from the solution by filtration, and then 
dried. Yield was 8.6 g, including some sodium chloride. 

Ten grams sulfanilic acid, 2.9 g sodium carbonate, and 4.2 g sodium nitrite 
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AZ I D E-CON TA I N IN G PH E NO L I C R ES I N 619 

Preparation of p-Azidobenzenesulfonyl Chloride 

Four grams sodium p-azidobenzenesulfonate, prepared as above, was sus- 
pended in 6 g N,N-dimethylformamide. To this suspension, 4 mL thionyI 
chloride was added. The mixture was allowed to stand for 45 min and then 
poured into 100 mL water. The precipitated white crystals were separated 
by filtration, washed with water, and then dried. The yield was 3.7 g. 

Esterification of Poly Go-Hydroxystyrene) 

Poly@-hydroxystyrene) with a weight-average molecular weight of about 
7000 was purchased from Maruzen Oil Co. and used without further purifi- 
cation. Six grams of the polymer and 1.07 g p-azidobenzenesulfonyl chlo- 
ride were dissolved in 60  mL 1,4-dioxane. To the solution, 0.6 g potassium 
hydroxide dissolved in 1 mL water was added under vigorous agitation. The 
mixture was warmed at 60°C for 20 min to complete the reaction. After the 
reaction, 250 mL water and a small amount of acetic acid to neutralize the 
remaining alkali were added to the mixture, and the deposited polymer was 
collected, washed with water, and then dried. The yield was 6.6 g. By assum- 
ing the reaction to be completed quantitatively, the degree of esterification is 
calculated to be 10%. 

Preparation of p-Ethylphenyl p-Azidobenzenesulfonate 

Two grams p-ethylphenol and 3.66 g p-azidobenzenesulfonyl chloride were 
dissolved in 40 mL 1,4-dioxane. To the solution, 1.7 g potassium hydroxide 
dissolved in 3 mL water was added under stirring. After being warmed by hot 
water for a few minutes, the mixture was allowed to stand for 30 min, and 
then poured into 250 mL water. The oily deposit from the mixture was crys- 
tallized by adding a seed which can be prepared by rubbing a drop of the oil 
on a glass plate with a glass rod. The resulting white solid was separated 
from the solution, washed with water, and then dried. The yield was 4.7 g. 

Spectroscopic Characterization 

The infrared spectra of polymer films were measured with a Hitachi 260-10 
infrared spectrophotometer. To measure the W spectra of the films, a 
Hitachi 340 recording spectrophotometer was used. 
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620 NONAGAKI AND TORlUMl 

Lithographic Evaiuation 

Silicon wafers were coated wjth a conventional positive photoresist, baked 
at 200°C for 20 min, and used as substrates for polymer film deposition. The 
polymer was dissolved in cyclohexanone and spread onto a substrate by spin- 
ning and dried. The polymer film thus formed was baked at 80°C for 20 min. 
To irradiate the film, a 1-kW Xe-Hg lamp with a 248-nm interference filter was 
used. After the exposure, the film was developed with an aqueous solution of 
tetramethylammonium hydroxide. The thickness of the film remaining on the 
substrate was measured by a stylus-type surface tracer (Alpha-step 200, Tencor 
Instruments) and plotted against irradiation dose. 

RESULTS AND DISCUSSION 

As described above, 0.1 mol sulfonyl chloride to 1 mol p-hydroxystyrene 
monomer unit was used to esterify the polymer. Therefore, if the yield is 
loo%, the structure of the polymer is as follows: 

Q 
0 -so* 

Q 
OH 3 

where m/(m t n) = 0.1. 

with the following composition and compared its infrared spectrum with that 
of esterified polymer. 

To estimate the yield of esterification, we prepared a polymer-azide mixture 

4 C H  CH&,t 2- I m' CH3-vH2 
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FIG. 1. Infrared spectra of partially p-azidobenzenesulfonated poly(p- 
hydroxystyrene) (A) and a mixture of p-ethylphenyl p-azidobenzenesul- 
fonate and poly(p-hydroxystyrene) (B). 

where rn’/(m ’ t n’) = 0.1. The result is shown in Fig. 1. The absorption peak 
at  about 2140 cm-’ corresponds to the -Ng group, and that at  about 3375 
cm-’ corresponds to the -OH group. The ratios of absorbance of the former 
to the latter are 0.57 and 0.58 for esterified polymer and polymer-azide mix- 
ture, respectively. This good agreement indicates that both the yield and the 
degree of esterification is nearly 100%. 

Ultraviolet spectra of esterified polymer before and after exposure to light 
from a 500-W high-pressure mercury lamp are shown in Fig. 2. The change in 
spectral absorption indicates the photodecomposition of azido (-N3) groups 
in the polymer. The absorption spectrum of unexposed polymer shown in 
Fig. 2 does not strictly represent the spectral sensitivity of the polymer be- 
cause the unesterified polymer also absorbs light in this wavelength region. 

The change in spectral absorption by esterification is shown in Fig. 3, 
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622 NONOGAKI AND TORlUMl 

FIG. 2 .  Ultraviolet absorption spectra of partially p-azidobenzenesulfon- 
ated poly(p-hydroxystyrene) before and after exposure to light. The film 
thickness is 0.47 pm. 

where the absorbance per 1 pm film thickness calculated from the experi- 
mental data is plotted against wavelength for both polymers before and after 
esterification. The difference between two spectral curves corresponds to 
the absorption by the acidophenyl groups. From this difference, the averaged 
percentage of photon energy absorbed by azidophenyl groups to the total 
energy absorbed by the polymer in the wavelength region between 240 and 
300 nm is calculated to be 56%. 

The photosensitivity characteristics of the esterified polymer are exem- 
plified by Fig. 4, where the remaining film thickness after development in a 
1.8% aqueous solution of tetramethylammonium hydroxide for 70 s is plotted 
against the irradiation dose. 
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FIG. 3. Spectral change in poly(p-hydroxystyrene) by partial esterification 
with p-azidobenzenesulfonyl chloride. 
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FIG. 4. Photosensitivity characteristic of partially p-azidobenzenesulfonated 
poly(p-hydroxystyrene). 
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The photoinsolubilization mechanism in a photoresist consisting of poly- 
(p-hydroxystyrene) and an aromatic monoazide has been investigated in detail 
[3]. The reaction scheme experimentally confirmed in this study is as follows. 

(1) 
hv 

Ar-N3 - Ar-N* + N2 

h i d e  Nitrene 

Ar-fi. + P-H - Ar-fiH t P. (2) 

Polymer Arylamino Polymer 
radical radical 

Ar-fiH t P-H - Ar-NH2 + P. 

Primary 
amine 

Ar-kH + Pa - Ar-NH-P 

Polymeric secondary amine 

P. t P* - P-P 

(3) 

Crosslinked polymer 

In this case, only one kind of reaction, Reaction (4), leads to insolubiliza- 
tion of the polymer by crosslinking. However, in the present case, where azide 
molecule and polymer molecule are identical, crosslinks are formed by Reaction 
(4) as well as by Reaction ( 5 ) .  Therefore, more efficient photoinsolubilization 
is expected in this case. 

Films of the esterified polymer 1-pm thick were exposed patternwise to light 
at  wavelength 248 nm by contact printing and then developed with an aqueous 
solution of tetramethylammonium hydroxide. An example of an SEM photo- 
graph of the resist patterns thus formed is shown in Fig. 5 .  Although resist 
lines with widths of 1.5 and 1 .O pm were also resolved, they are wobbly on the 
substrates. This “wobbling” is evidence of the swelling of the resist patterns in 
the developer. Since the swelling of resist patterns greatly reduces the resolu- 
tion capability, it must be eliminated. In the present case a relatively strong 
alkaline developer is used to dissolve the unexposed polymer which has been 
rendered less alkali-soluble by esterification. This probably results in the swell- 
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FIG. 5 .  Scanning electron microscope photograph of resist patterns ob- 
tained by contact printing. Irradiation dose is 300 mJ/cm2 at 248 nm. The 
resist lines are 2 p m  wide and with 4 p m  spaces. 

ing of the resist patterns. Therefore, it seems possible to obtain a polymer 
with an acceptable photosensitivity and nonswelling character by optimizing 
the degree of esterification between 0 and 10%. 

CONCLUSION 

An alkali-developable negative deep-UV resist has been obtained by azido- 
benzenesulfonylation of poly@-hydroxystyrene). The resist has been proved 
to be highly sensitive to deep UV light. Resist patterns with feature sizes less 
than 2 pm swell in an aqueous alkaline developer. This swelling character can 
possibly be eliminated by optimizing the degree of esterification between 0 
and 10%. 
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