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Shanghai MOWEI, Nicheng Town, Shanghai 201306, China Optical components in various optical regimes are commonly made in bulk form.

However, many optical components can have better performance if they are free standing such polarizers, filters, and meta surfaces. The range of application extends from X ray to terahertz and far infrared. In the terahertz range, filters are of particular importance because of the wide spectral range. The challenges in this filed, is to have free standing elements (to increase the transmission) while protecting them from damage.

The state-of-the-art of materials for the fabrication of THz meta-surfaces on polymers has recently been reviewed in Adv. Optical Mater. 8 1900750 (2020).

The production process is complicated. A simplified method is presented here to fabricate an ultrathin optical element sandwiched between two thin supporting COC layers and supported on a frame. The key elements here are 1. Using two different solvents for the application of the protective polymer layers. This ensures that the first layer is not damaged while the second one is deposited.

2. 3D printing the mounting frame directly on the polymer.

The process involves producing ultra-thin optical components supported on a frame. This process allows the film to be freestanding on a rigid frame which is easy to handle and is durable. This involves the following steps:

1. Using a carrier substrate such as silicon wafer. Adding a separation layer followed by a film substrate (COC polymer).

2. Coating the supporting substrate structure with a photoresist.

3. Adding a metal layer and structuring it (to produce the designed metamaterial structure).

4. Adding a second layer of COC polymer as a protective layer and also index matching to increase the transmission of the structure. The second COC layer has a different solvent from the first one.

5. The resulting structure is an ultra-thin optical element (device) which consists of COC layer/ metal/photoresist/ substrate/separation/carrier structure.

6. A supporting frame is 3D printed on the structure. The device can be used for THz, visible, NIR, IR or even X ray applications.

7. The resulting ultra thin device is separated from the support system by dissolving the separation layer.

Practical parameters and techniques for the production process:

1. The separation layer is made of PMMA (solvent will be acetone), PVP or PVA (solvent will be water). The substrate thickness range can be from 0.5 μm to more than 50 µm.

2. The photoresist layer is coated using spin-coating or photolithography and laser beam or electron beam writing.

3. The addition layer under the gold can be Cr or Ti or other suitable metals of thickness of 5 nm or more. The Gold film thickness is not critical but preferably more than 100 nm.

4. The frame cane be made of any material that is used in 3d printing including COC itself.

5. The protective layer can be anything but preferably in the range of 1 to 5 µm.

6. The metal sheet is preferably made of gold and adhesion chrome but other materials are possible as well.
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