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Development of magnetic-field and pulsed-plasma-enhanced chemical vapor
deposition method to fabricate amorphous silicon carbonitride diaphragm for
environmental-cell transmission electron microscope
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A magnetic-field and pulsed-plasma-enhanced chemical vapor deposition

(MPECVD) was developed to fabricate amorphous silicon carbonitride (a-SiCN) diaphragm for
environmental-cell transmission electron microscope (E-TEM). The films were prepared by using
gaseous hexamethyldisilazane (HMDSN), N2 and Ar. The deposition rate was increased by enhancement of
magnetic-field in comparison with a conventional PECVD. The diaphragms were applied to a Cu grid
with 100-um-diameter holes. Fourier transform infrared spectra and X-ray photoelectron spectra
revealed that an elimination of organic compounds and a formation of Si-N and C-N bonds in
diaphragms can be promoted with increasing pulse voltage and N2 flow rate and decreasing ambient
pressure. The diaphragms were amorphous and transparent at 200 kV electrons and no chargeup was
observed by E-TEM. Durability to electron beams and reaction gases in the E-cell was improved when
diaphragm was deposited with high pulse voltage.
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Fig. 1 Schematic diagram of MPECVD



Fig. 2 Photographs of plasmas generated (a) by a
conventional PECVD (without magnetic-field)
and (b) by using magnet on plasma electrode
(MPECVD). The conditions are HMDSN, N, and
Ar flow rates are set at 20, 500 and 420 ml/min at
a pressure of 30 Pa and the pulse voltage is 400V.
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Fig. 3 FT-IR spectra of diaphragms deposited by
varied pulse voltage in the range of 300-600 V.
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Fig. 4 E-TEM images of amorphous silicon
carbonitride diaphragm after 200 kV electron
irradiation for (a) 0 and (b) 30 min fabricated by
pulse voltage 600 V. Electron irradiations were
carried out in the reaction gas of 1 kPa.
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on Cu grid irradiated with nitrogen plasma for
(a) 0, (b) 5 and (c) 7 min. The photograph of
most left side shows the overall picture of Cu
grid.
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Fig. 7 TEM images of a-SiCN diaphragm
irradiated with nitrogen plasma for (a) 0 and (c) 7
min after the deposition. (b) and (d) are power
spectra images of (a) and (c), respectively.

Direction of
TEM observation

Fig. 8 OM and TEM images of a-SiCN
diaphragm irradiated with nitrogen plasma for 7
min after the deposition. (a) OM image of
broken diaphragm by pin and illustration of
TEM observation direction (b) a TEM image of
broken and bend portion of the diaphragm.
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