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(a) Cross section of different configurations analyzed by FEM simulation with a potential difference applied between cyan and purple box, •: two simple electrodes in infinite space, ': two fixed electrodes with one movable electrodes, ƒ: multilayer electrodes with additional conductors (white boxes), ": multilayer electrodes with conductors and insulators (red boxes). (b) Electrostatic force per unit length as a function of overlap under the condition: l=25 µm, w=10 µm, g=5 µm, U=50 V, t insu =1.5 µm.
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Figure 2 - 2 .

 22 Figure 2-2. Michelson interference objective implemented in the interferometric optical profilometer.

Figure

  Figure 2-3 Fringe patterns recorded a) on a pressurized metallic membrane and b) on a transparent silicon nitride membrane on silicon. a) b)

FigureFigure

  Figure 2-5. Two examples of 3D profiles measured by (a) phase shifting interferometry and (b) white light interferometry.

FigureFigure 2

 2 Figure 2-9. Configuration of an EUV interferometric microscope.
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 222 Figure 2-14. Schematic layout of the interference profilometer proposed in VIAMOS project.
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  Figure 2-19. (a) SEM image of large motion range, resonance actuated micro scanning mirror, (b) assembly illustration for a FTIR prototype system.
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 2 Figure 2-20. Schematic layout of an OCT setup with an integrated Mach Zehnder interferometer chip.

Figure

  Figure 2-21. SEM image of fabricated Michelson integrated interferometer.

Figure 3

 3 Figure 3-1. Illustration of the work performed in this thesis: miniaturization of macroscopic Mirau interferometer by an integrated version.

Figure

  Figure 3-5. Detailed view of 1/4 of movable mirror wafer.

FigureFigure 3

 3 Figure 3-7. Schematic structure of multi-directional motion actuator.
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 33 Figure 3-12. (a) Illustration of beam aberration from a transparent film and (b) plots of r A /r D versus wavelength For the 12 layers beam splitter. a) b)

Figure 3

 3 Figure 3-16. (a) Single pair of comb finger modeled by finite element simulation with infinite and periodic boundary condition. (b) Rectangular mesh with regular shape used for the simulation. a) b)

  Figure 3-20. (a) Miller Indices in a cubic crystal. Typically [hkl] represents a direction vector given by hkl, and (hkl) represents the crystal surface perpendicular to vector [hkl]. And <hkl> represents the family of symmetric directions vectors equivalent to direction hkl, (b) a standard (100) Si wafer, (c) the primary flat of (100) wafer is along [110] direction.
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 3333 Figure 3-21. Variation of elastic constants of (100) silicon as function of direction in the plane, E=Young's Modulus, G= Shear modulus, n= Poisson ratio.
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 3333 Figure 3-28. Electrostatic force, weight and spring restoring force as function of vertical displacement of the scanner structure and resulting equilibrium positions for a 50 V applied voltage.
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 4 Figure 4-1. (a) Electric field distribution for vertical actuation and (b) simplified fabrication process flow chart of electrostatic levitation method of vertical comb drive. a) b)

Figure

  Figure 4-4. (a) Electric field distribution for vertical actuation and (b) simplified fabrication process flow chart of vertical comb drive fingers with different heights.

  Figure 4-6. (a) Motion capacity of three electrodes and five electrodes geometries, (b) simplified fabrication process flow chart of custom SOI bonding method of vertical comb drive. a) b)

FigureFigure

  Figure 4-9. (a) Cross section view and (b) bird view of the second fabrication step of vertical scanning mirror.
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 44 Figure 4-13. (a) Cross section view and (b) bottom side bird view of the sixth fabrication step of vertical scanning mirror.
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 44 Figure 4-17. Infrared images of a fabricated wafer (a) after chemical activation and initial bonding process, (b) after high temperature annealing, (c) after grinding and polishing processes.
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 4 Figure 4-20. Spectrum data from Figure 4-19 after sampling and fast Fourier transform.
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 44 Figure 4-26. (a) Plot of measured trench top and bottom widths versus exposure dose, (b) example of cross section image obtained with a metallurgical microscope. b)
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 444 Figure 4-28. (a) Schematic diagram and (b) SEM image of SiO 2 etching test
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 4 Figure 4-35. (a) Schematic drawing and (b) microscope image of an apertured dry film spanning over a large cavity.
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 444 Figure 4-37 (a) Technology principle, (b) microscope image and (c) SEM image of metallization at two different heights masked by dry film photoresist.
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  Figure 4-40. Backside DRIE on SOI wafer.
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 4 Figure 4-41. Released serpentine spring made from the device layer of SOI wafer.
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 4 Figure 4-42. Microscope image of finished mirror scanner fabricated from a double SOI wafer.
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 4 Figure 4-45. Fabrication process flow chart of dielectric multilayer beam splitter membrane.
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 4 Figure 4-46. Released multilayer beam splitters with different membranes sizes on a silicon wafer.