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Abstract

We experimented on the sub 50 nm patterning using E beam lithography system. SAL6G01
negative E-beam resist was used for this experiment. In order to utilize the maximum ability of
E-beam system, firstly, we reduced the PR thickness to 100 nm, and the field size to 200 gm  Then
PEB(Post Expose Bake) time/temperature ,which is one of the very important factors when SAL601
is used, were reduced for minimum line width. In addition, digitizing is optimized for better results.
Quanturn wire and quantum dot which can be used for nano-scale memory device, such as single
electron memory device, are fabricated using these developed lithography techniques.
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Fig. 1. Elionix E-beam lithography system. (ELS—
3300).
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Table 2. Main specifications of ELS-3300.
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Acceleration voltage 1 to 30 kV(1 kV step)
. Step & Repeat
Drawing method Vector Scanning
01 zm (200 #m)

Minimum line width 025 um 500 gm)

Beam diameter 6nmtol x#m

Scanning Steps 20,000 %20,000
L 20000520000 |

Beam positioning 60,000 X 60,000
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Scanning strategy in  Elionix E-Beam
lithography system. (a) Scanning strategy in
case of 500 m field size is used. (b)
Scanning  strategy in case of 200 gm field
size is used.
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Digitizing method for E-Beam direct
writing. Dashed area indicates the E-beam
exposed area. (a) Conventional digitizing for
0.1 mm E-beam patterning. This digitizing
has a width of 0.1 gm (b) New digitizing
method for 0.1 um patterning. 6 lines which
has one-pixel width located side by side but
each line is shifted by one pixel to the scan
direction. (c) New digitizing method that
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Fig. 4. Experimental results when digitizing

methods described in Fig.3 were applied to
500 nm-thick PR in 500 g field size. The
conditions were as follows dose =15
Msec/pixel, soft bake = 87T, 150 sec.
PEB=100C, 150 sec. (a) experimental result
when digitizing method (a) in Fig3 was
used. (b) experimental result when digitizing
method (b) in Fig3 was wused (c)
experimental result when digitizing method
(¢) in Fig3 was used. The method (a)
didn’t result in a resonable patterning result,
but (b) and (¢) showed a 0.1 um result.
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After the E-beam patterning using the
developed patterning technique, RIE is used
for pattern transfer. Poly silicon quantum
wire is obtained. This result can be used
for fabrication of nano-structure devices
and gate region lithography for ultra short
channel MOS transistor.
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Fig. 11. 50 nm-size silicon quantum dot which was
obtained by using the developed E-beam
patterning technique. 50 nm E-beam direct
writing is applied twice to the SOI
substrate.
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