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Development of a simplified electron beam induced deposition system and its use
in fabrication of oxide nanodevices

Kobayashi, Shunsuke

14,000,000
EBID
SEM EBID
SEM
EBID
EBID
HF02 EBID Hf02
CvD ALD
EBID CVvD ALD
EBID

Electron beam-induced deposition (EBID) is an effective technique for
directly fabricating materials with arbitrary shapes on substrates. However, the EBID method is not
widely used and its application is limited. In particular, there have been very few reports on the
deposition of metal oxides by EBID. Metal oxides play a vital role in various applications and
research fields, and direct fabrication of metal oxides with arbitrary shapes should lead to the
expansion of the application fields of the EBID method and metal oxides. In this study, I
constructed a flexible EBID system that can deposit various materials using a tabletop SEM. Then,
the deposited materials were evaluated by transmission electron microscopy, and by feeding back the
analysis results to the deposition conditions for optimization, | succeeded in deﬁositing hafnium
oxide in an arbitrary size. This research result shows that the EBID method has the potential to be
widely used as a new material deposition method.
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Fig. 1. Schematic of the EBID method. The
precursor gas molecules supplied to the
substrate from a GIS are dissociated by the
electron beam to deposit a material on the
substrate.
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Fig. 2. (aTabletop of TM4000(Hitachi High-Tech). (b)Photograph of the EBID system

constructed with the tabletop SEM.
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Fig. 3. (8) SEM image of deposition results of HfO, films with various sizes on an Si substrate.
(b) A cross-sectional HAADF STEM image of an HfO; film. The SEM image of HfO,, where the
observation was performed, is shown in the lower right.
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Fig. 4. (Q)ADF STEM image of HfO; film and EELS elemental maps of (b) O K, (c) Hf M4s, and (d)
C K. The Si substrate has SiOx on the surface. (e) EEL spectra of C K and O K edges obtained from
HfO, film and HfO, powder.

Fig. 5. (a) Magnified view of HAADF STEM image of a HfO film viewed from the cross-sectional
direction. Result of the Fourier transform from (a) is shown in the upper right corner. (b) HAADF
STEM image and EEL S elemental maps of (¢) CK, (d) O K, and () Hf M4s. The arrowsin Figs.(b-€)
indicate the region of high carbon amount.
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Fig. 6. EEL spectraof (a) C K and O K edges and (b) Hf M5 edges obtained from HfO- film deposited
by conventional EBID method, HfO, film deposited in an oxygen radical environment and HfO,
powder.
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