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Equipment used for Quantum Aperture Fab

Dual Column Focused lon Beam at LBNL




FIB & Nano-Fabrication
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Tilted View after FIB etching

Cross-section Analysis
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Single Aperture
Diameter=100nm, Depth=0.6um
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Array Pattern (12 x 11)

Diameter = 100nm, Depth = 0.4um
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Selected Light Transmission

Laser (532nm) + Front side illumination Laser (630nm) backside illumination only
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No Passing

Red Light
Green light passes through.




[1] Micro Zone Plate (MZP)

Zone-Plate

Focal Points
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lon-Etching of Metal &
Electro-Optic Layer
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Electro Optic Layer

Estimated Focal Points

P1 =46.99 um, Constructive
P2 =15.66 um, Destructive
P3 =9.40 um, Constructive
P4 =6.71 um, Destructive
P5 =5.22 um, Constructive
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Optical Measurements

=0 um =47 um (P1)
Microscope on MZP above MZP
Object Lens
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Light Source




Photon Distribution vs. Vertical Height
Light Source: Broad White Light (Light Bulb)
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Photon Distribution vs. Vertical Height
Light Source: Broad White Light (Light Bulb)




Photon distribution at P1 (Z = 47 um)
Light Source = Green Laser (532nm)

Numeric
Data

on Photon
ibution | Profile




Photon Distribution at PX (z =18 um)

Numeric
Data

on Photon
ibution Profile




Z
. ./

MZP (Z=0um)

P1 (Z=47um)

-,
@.’I
/

Photon distribution at each focal point

Focal points: Constructive (P1, PX, P3)
Destructive (P2)

PX (Z=18um)

P3 (Z=9.4um)

P2 (Z=16pm)




with a green laser (A= )

\!\" 10 mW Laser in 2mm diameter (
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Photonic DART Technology
(Densely Accumulated Ray-point by micro-zone-plaTe)




NASA Invention Disclosure
[2] Programmable Micro-Lens

Appli It
Mixed pplied voltage

Light or
Laser

Mixed Light or
Laser

Neutral
Focal
Point

Circular gradient

\ refractive index
Transparent Metal electrode

electrode (ITO) Micro Zone-Plate

[1] Neutral state

Electro-optic layer

[2] Under electric field




Dispersion Relation with White Light
- Dependence on Wavelengths -

At Z=47+5 pum

At P1, Z=47 um

Blue-Green at the center

At Z=47-5 pm

at the center




NASA Invention Disclosure

[3] MZP as a Fixed Ring-Grating
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(1) Fixed Focused Micro-Spectrometer

Micro Zone-Plate




NASA Invention Disclosure

[4] Electro-Optic MZP as a Programmable Ring-Grating

Different Wavelength Under Electric Field

Light
Emission

Micro Object
at Focal Point

Micro Zone-Plate

Transparent —

electrode (ITO)
Electro-optic layer
(2) Programmable Focused Spectrometer




NASA Invention Disclosure

[5] Thin-film Spectrometer Array

Photon Detector Array
(p-i-n diodes)
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[6] MZP Optical
Data Storage System i i o i
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Reflection change

Parallel UV Light
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Photolithography with MZP




[11. Light Scanning Control Device
Aero-Space Application




Limit of Mechanical Actuator

Limit of Mechanical Actuator:
< 10kHz (due to its motion of mass) —

Thin-Layer Composite-Unimorph Piezoelectric Driver and Sensor,
l.e. “THUNDER” by Richard Hellbaum, Robert Bryant, Robert Fox,
Antony Jalink, Wayne Rohrbach, and Joycelyn Simpson in 1996




Light Scanning Control Device

Patterns made with E-Beam Lihography
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Solid State Beam Displacer




Operation of Light Scanning Control Device

E-Beam Lithography Single Beam Scanner

Beam Scanner Array Beam Displacer




Device Under Beam-Steering Test




Bending the light with E-field
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Field Injection Grating Light Valve
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Field Injection Grating Light Valve (1-D)
Made in NASA Langley Research Center

Our UV Lithography Capability: 200 Wafers/day
153 Devices/Wafer x 200 Wafer/Day
= 30,600 Devices / Day

RESEARCH IS THE MASS-PRODUCTION IN OUR LAB.
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