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Conventional photolithographic techniques for fabricating LSI are limited in resolution to
minimum linewidths of around 2pm. The demagnifying electron projection syste:;},”which projects
a demagnified image of & mask onto a wafer will be successful in future as one of the electron
‘beam lithography systems for submicron patterns. Here we report a new 1l:4 demagnifying electron
projection system which mskes possible to obtain a large field using a relatively small electron
optical column and to attain high alignment accuracy.

A schematic of the system functioning in the projection and alignment modes are shown in
Fig. 1. 1In the projection mode, after suitable collimation by the three condenser lenses a small
portion of the mask is illuminated by 20KV electron beam from a conventional electron gun and this
beam is then megnetically scanned across the whole mask pattern by two sets of deflection coils
(upper and lower coils) mounted asbove the third condenser lens. These coils are so designed that
the effective deflection center can be shifted along an optical axis by changing the power of each
coils. Electrons passing through the mask openings are imaged by two magnetic projection lenses
(symmetric magnetic double%)) onto the wafer with a Ux reduction in size, In this mode the
demagnified image of the electron source is formed at the effective deflection center using the
first two condenser lenses. The third condenser lens then acts so as to provide the parallel
illumination in the mask plane. However, the illumination angle varies with the distance from the
axis mainly due to the spherical aberration of the third condenser lens. This deteriorates the
quality of projection images. In order to obtain same illumination angles at any part of the mask
without any change of the strength of the third condenser lens, the effective deflection center
was shifted by adjusting the power of each set of deflection coils in synchronism with the beam
deflection. Then the demagnified image position of the source was also shifted to the deflection
center by changing the strength of the second condenser lens. Furthermore, the focusing of
projection images of the mask was adjusted by changing the strength of projection lenses synchro-—
nizing with the beam deflection. As the results, accurate imaging over a large field was obtained
using a relatively small electron optical column.

The alignment mode shown in Fig. 1 was used for registration and focusing procedures. The
condenser system is converted into a large field scanning electron microscope, The demaénified
source image is focused in the mask plane by means of sdjusting the strength of the second
condenser lens without changing that of the third condenser lens. The anticipated effect of the
variation in the illumination poties on the projection opties was thus eliminated. The probe so
focused is then magnetically scanned across the mask plane by the two sets of deflection coils

used in the projection mode. The projection optics remain unchanged in this operation. In this
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.mode the effective deflection center was also shifted in the sasme method &s in the projection
mode to achieve same illumination angles. Accordingly in this system an illumination angle of
the mask in the projection mode agreed precisely with that in the aligmment mode and close coin-
cidence between the positions of the images of the mask in these two modes was obtained. As the
results high alignment accuracy was achieved. A self-supporting metal foil some 20x20™" in size
and about 3um thick was used as a mask. We chose here a mask which consists of test patterns and
which does not have an electron opaque ares which is completely surrounded by an electron trans-
parent area. Exposures made through these masks are shown in Fig. 2 and Fig. 3. In cease of a
mask with patterns which have an electron opague area completely surrounded by an electron trans-
parent area such as aluminum wiring patterns, some deformatio:)’uJof the mask structure should be
made.
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Fig., 1 Schematic of 1:I demagnifying
electron projection system.
solid line : Projection mode
dotted line : Alignment mode
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Fig, 2 Scanning electron micrograph Fig. 3 Scanning electron micrograph of
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