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Nanostructured Origami™

Nanopattern membranes and fold into
devices with 3D functionality

General Schematic Example: Patterned SiN, Bridge
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Magnetic alignment overview

Nanomagnets

Pattern membrane segments,
— hinges and nanomagnet array

Hlnge Membrane segment
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Forces on magnets in an external field

Two magnet schematic Forces on magnets
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Optimization of nanomagnet array for alignment

Considerations

« Coarse alignment
« Error averaging
* Non-ideal dipole
* Other

— External magnetic field
— Membrane distortion

— Single domain magnets
— Flexure compliance

— Van der Waals
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Process Flow- Integration of nanophotonic
features and nanomagnets
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Make Membrane:
Backside KOH
etch of silicon

Add Nanomagnets
E-beam pattern,
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Alignment Video
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Alignment Results- SEM

Aligned membranes  Two layers of circular voids

Optical features Nanomagnets
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Results- after etching away top membrane
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Results- after etching away top membrane

Circular voids after etch Aligned nanomagnets
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Alignment results: 28nm accuracy

Alignment accuracy for 4 samples with different magnet arrays
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Layer-to-layer alignment error (nm)
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Further improvements/future work

TOP VIEW SIDE VIEW

« Constrain magnetization in-plane
* Pick-and-place layering method
« Multi-layer photonic structure
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Improvements for sub-10nm alignment

Single in-plane domain 90° Layout of magnets
- High external field - High external field
- Nanomagnet size & geometry - Nanomagnet size & geometry
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Future work and improvements

Single domain nanomagnets
 New membrane materials
“Stack-n-Snap” layering method

Membrane
stack
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