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Nanofabrication of desired shape and size of structures can be done by the beam assisted process.
Electron beam induced deposition (EBID) is an unique technique to produce subnanometer-sized
and position-controlled structures. It has been shown that free-standing nano-wires of less than 10
nm in thickness can be fabricated using EBID [1, 2]. The minimum size of fabricated deposits was
shown to be about 1.5 nm in diameter with fine electron beam by ultra-high vacuum TEM (UHV-
TEM) [3]. For this experiment, it is essential to fabricate in UHV to control precursor gas pressure
precisely and to eliminate the contamination in the chamber. Fig. 1 shows typical examples of
tungsten nano-dots fabricated by an UHV-TEM. The left image reveals four dots of 2 nm in
diameter with 5 to 15 s exposure. The right images shows an array of dots formed with a 1 nm
probe and a deposition period of 5 s. The dots are located in the intersecting points of the white
lines. They are too small to distinguish them from the amorphous substrate. A high angle annular
dark field (HAADF) STEM image (right bottom) shows a clear Z-contrast of tungsten dots.
However, the time required to fabricate a dot is relatively long, which is in the range between one
and 20 s. Therefore, it is strongly desired to increase the electron beam intensity for fast
nanofabrication.

We are now developing an UHV-compatible Cs corrector for the probe forming system of STEM
(JEM-2500) [4], not only for a smaller probe for better resolution, but also for higher probe current
which will results in faster nanofabrication. Fig. 2 shows a photogarph and schematics of the UHV
Cs-corrector with STEM column. The corrector consists of two stages, each one of which has 12
poles and transfer lenses. The 12 poles mainly act as a two sextuple corrector and it can also be
excited as two dipoles and two quadrupoles to compensate beam shifts and stigmatisms. The
designed performance is as follows: Accelerating voltage is 200kV, Cs can be changed from 0 to
0.7 mm (uncorrected Cs is 0.7mm), Cc is 1.6mm (after Cs corrected) and UHV specimen vacuum is
less than 1.0x107"Pa. The obtained Ronchigram (in Fig. 3) showed an extension of sweet spot area
indicating the successful correction of third order spherical aberration Cs. The expected probe
current is quite large (about 10 times larger) as compared with uncorrected probe.
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Fig. 1 TEM micrographs of the W nano-dot with different deposition time. The left image is
fabricated for 5 - 15s and the right images are an array of the dots of about 1.5 nm in diameter.

Fig. 2 A photogarph
and schematics of the
UHV Cs-corrector
with STEM column.

Cs corrected probe and current

Probe size (nm) 0.2 0.5 1.0
FWHM 0.22| 0.52 1.0
D50 0.2| 0.48| 0.98
D75 0.26 | 0.68 1.4
D90 0.34| 0.88 1.8
D95 0.38| 0.98 2.0
Probe Current (nA) 1.6 9.9| 39.8

Cs=1 um, =40 mrad, Df =-1.9 nm
Cc=11mm, AE=0.7 eV

Fig. 3 The obtained Ronchigram using the Cs-corrector and the estimated electron
beam intensities with various Cs corrected probes. The circle is at the 45mrad position.
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