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A New Photobleachable Positive Resist for KrF Excimer Laser Lithography
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A new photobleachable positive resist for KrF excimer laser tithography
has been developed. The resist 1s composed of 2-d.Lazo-1 r3-dicarbonylphotoactive compound as an alkalj-ne dissolution inhibiLorr drr atkali-soluble
styrene pollzner as a main polymer and diethylene glycol dimethyt ether as acoating solvent. It has an excellent property for contrast and photobleach-
ing with KrF excimer laser light and we achieved high aspect ratio half-
micron pattern fabrication in 1 ltm thickness using the new resist.

1. I\ITRODUCTION

KrF (248.nm) exc.tmer l-aser lithography
is most exciting technology for lower sub-

mrcron VLSI in recent years. The technology
has a capability of a pattern fabrication
below 0.5 pm. The resist pattern profile,
however, is degradated because of strong
photoabsorpt.ion of a conventional
naphthoquinonediazide-novolac resin type
posi-tive deep UV resist to KrF excimer

laser tight and this phenomenon is remarka-

ble j-n thick (about 1 pm) resist eitml).
Therefore, the complicated multi-layer-
resist system has been proposed2).

We have developed a new photobleachable
positive resist, for KrF excimer laser
lithography to overcome the above mentioned

problems.

In this paper, the characLeristics of
the new resist are presented and the
lithographic evaluation with KrF excimer

laser stepper is demonsLrated.

2. MATERIAL CHARACTERIZATIoN

2-dLazo-l, 3-dicarbonyl photoactive com-

s-iltB-3

pound (fig. 1) and an alkali-soluble styrene
pollnner were used

inhibitor and the

as the alkaline dissolution
main polymer, respectively.

The coating solvent was dj-eLhylene glycol
dimethyl ether. The 2-d,Lazo-1 ,3-dicarbonyl
compound excellently bleaches at around,249
nm (rig. 2't and the poiymer has a high trans-
mittbnce of 70 B in 1 Um thickness at 248 nm.

Fig. 3 shows the effect of the concen-.
tration of the diazo photoactive compound on

contrast values and remaining resist ttrick-
ness in unexposed regions. Ttre contrast
values are assessed by measuring the slope
of the linear portion of the curve obtained
by plottingr the thickness of the relief
image as a function of the logarithm of ttre
KrF excimer laser exposur" .rr.rgy3) . The

development was done with a 50s immersion in
0. 10 eo tetramethylammoniumhydroxide (fUag)

solution. As shown in Fig. 3, ttre contrast
value is maxima (1.85) when the concentration
of the diazo compound is 15 wt8 and remaj-ning

resj-st thickness hardly increases when it
exceeds 15 wt%.

Fig. 4 shows sensj-tivity as a function
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of the concentration of the diazo compound.

Sensitivi-ty is defined as the exposure energy

to result in coniplete removal of the resist

in the exposed areas with the minimum resist

loss in the unexposed regions. It is found'

in nig. 4 that the larger exposure enerqy is

required. for the less than 10 wt? diazo com-

pound.

From these results, it was concluded

that the new resist which contains the 15

wt% diazo compound based on the alkali-

soluble styrene polymer would be most suited

for KrF excimer laser lithography. Tltis

resist composition was subjected to spectro-

scopic and lithographic evaluation.

The exposure characteristics of the new

resist in 1 pm thickness is shown in Fig- 5.

The loss of resist thickness in unexposed

regi-ons under developing was hardly observed.

Contrast value was 1.85 and it was much

higher than conventional naphthoquinonedia-

zide-novolac resin type deep W positive

resist (1 .34) .

Fig. 6 shows the tJV spectrum character-

istics. of the resist in 1.0 pm thickness on

a quartz substrate before and after photo-

bleaching. The data clarifies that strong

photobleaching occurred aE 248 nm with KrF

excimer laser irradiation-
Table 1 summarizes the characteristics

of the new resist in comparison with con-

ventj-onal naphthoquinonediazide-novolac resin
type deep W positive resist. It can be seen

from this table that the n€w resist has

superior. capability for I(rF excimer laser
lithography.

3. LITIIOGRAPHIC EVALUATION

The new resist was sPin-coated to a

thickness of 1.0 Um on a silicon wafer'

Exposure was done with a KrF excimer laser

stepper (NA 0.35) we manufactured4) ' After

exposure, ttre resist film was developed with

a 60s immersi-on in 0.10 % T[{AH solution.
Fig. 7 demonstrates 0.5 Pm lines

pattern of the resist. High aspect ratio
patterns of such thick resist film were

successfutly obtaj-ned using this new resist.
These good results are attributed to the

high contrast value and great photobleacha-

bility of the resist.

4. CONCLUSION

The new resist composed of strongly
photobleachable 2-dLazo-l, 3-dicarbonyl
photoactive compound, the transparent alka1i-
soluble styrene polymer for KrF excimer laser..

light and diethylene glycol dimethyl ether
has been developed. It has an excellent
property for contrast and photobleaching with
KrF excimer laser light and we achj-eved high

aspect ratio half-micron pattern fabrication
in 1 Um thickness using the new resist.
Therefore, we are convinced that ttris new

resist could make possible simple and

efficient single-Iayer-resj-st system for KrF

excimer laser litiography.
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Fig.l Chemical structure of the 2-d,!azo-!,
3-dicarbonyl photoactive compound
(R' R'i substituents) .
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diazo- 1,3-dicarbonyl photoactive compound
before (solid line) and after (dashed
line) bleaching with KrF excimer
laser irradiation.

Fig.3 Effect of the dj-azo concentration on
contrast value and remaining resist
thickness in unexposed regi-ons.

THE CONCENTRATION
OF THE DI.{LZO COMPOUND (7o)

F. ig.4 Effect of the diazo concentrat,ion
on sensitivity.

EXPOSURE ENERGY (mJ/cmz)
Fig.5 Exposure characteristics of ttre

resist j.n 1.0 [rm thickness with
exci.mer laser irradiation.
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Fig.6 W spectnln characteristics of the
new resist in 1"0 Um thickness before
(solid line) and after (dashed line)
bleaching wittt KrF exci-ner laser
irradiation.

Fig.7 SEM photograph of 0.5 Um lines
pattern of ttre new resist in 1.0
1.tm thickness.
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Table 1 Sr.unnary of the characteristics of the new resist in
comparison with conventional naphttroquinonediazide-
novolac resin type deep W positive resist

TRANSMITTANCE at 248nn (f) REMAINING RESIST
THICKNESS IN

UNETPOSED REGIONS (T)before
bleaching

after
bleaching

CONTRAST

NEII RESIST

coNv.

10.7

9.3

45.3

10.0

1.85

1 .34

100

90

s60


