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Applications of FIB/SEM Dual Beam System for
Micro-Nanofabrication and Characterization
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Abstract: The applications of Focused Ton Beam ( FIB) /Scanning Electron Microscopy ( SEM) DualBeam system at
National Center for Nanoscience and Technology for micro-nanofabrication and characterization of nanomaterial are briefly
reviewed by means of a lot of typical practical examples. Regarding characterization of nanomaterial, the capabilities, such
as TEM sample preparation, Scanning Ion Microscopy (SIM), 2D and 3D characterization of nanomaterial, are illustra-
ted. And as for micro-nanofabrication, the applications include; (1) direct milling for nanostructures, for instance, pho-
tonic array prototyping; (2) precise material deposition, for example, platinum metal deposition for four-electrode meas-
urement; (3) site specific fabrication, such as AFM tip modification; (4)3D nanofabrication; (5) electron beam lithog-
raphy (EBL) and its combination with FIB. The application fields of DualBeam system involve material science, electron-
ics, life science and natural resources. To extend the application field, a number of new technologies, including various
new types ion source, such as plasma, He " and Ne ™ are expected to be used in the near future to overcome some present
disadvantages, for instance, low productivity, small fabrication area, bad fabrication precision, FIB induced damage and
50 on.
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Fig. 1  Principle of FIB: (a) imaging,
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Fig. 2 The SEM images show prominent steps during FIB based TEM foil preparation: (a) a CdS particle to be cut with the platinum strip

deposited on the middle of surface, (b) two trenches already sputtered, one in front of the foil and the other one behind the foil ,

(¢) the foil ready for in situ lift out, (d) Omniprobe micromanipulator with the cut foil away from the particle, (e)a standard

TEM copper grid to be used for placing the foil and the silicon wafer with the CdS particles on it, and (f) TEM foil adhered to the

TEM copper grid
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Fig. 3 Scanning ion microscopy image
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Fig. 4 Cross section of gold nanostructure on suspended SiN
membrane; (a) sketch of the nanostructure and (b)

SEM image of cross section of the milled nanostructure
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Fig. 5 Cross section of multilayer structure: (a) sketch of the multi-

layer membrane and (b) SEM image of the milled structure
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Fig. 6 Principle of three dimension reconstruction: (a)a particle embedded in epoxy, (b)SEM images of slices milled by FIB, and (¢)3D

image of the particle by image processing software
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Fig. 7 3D reconstruction of a piece of shale; (a) the shale sample region of interest, (b)the first SE image of slice, and ( ¢)image of a por-

tion of milled sample after image processing
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Fig. 10 Four electrodes on a carbon nanotube
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Fig. 12 AFM tip modification: (a)AFM tip before modification, (b)milled tip, and (c)tip with platinum needle on it
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Fig. 13 3D milling: (a) 3D structure milling on flat substrate

and (b)3D milling on curly substrate
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Fig. 14  Schematic design of four electrodes fabrica-

ted by EBL on a single lagyer graphene
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Fig. 15 Nanostructure fabricated by FIB in combination with EBL
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