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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  No
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) No 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps 1.3;  3.2;  3.4;  4.1;  4.2;  5.1
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Pattern definition using electron beam lithography and the silicon etching using the reactive ion etcher are the most critical steps in this procedure.  To ensure success the e-beam system must be allowed to stabilise for at least one hour before writing and the best possible focus and alignment must be achieved when setting up the write.  For etching it is advised to, once or twice a year, fully re-characterise the etching parameters (i.e. etch power, pressure, and gas mixture) making adjustments where necessary.
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:
The overall goal of this procedure is to fabricate and characterise a photonic crystal slow-light waveguide or cavity. (Intro)
This is accomplished by first preparing the silicon-on-insulator chip for electron-beam lithography by cleaning and spin-coating the chip with ZEP520A resist. (P1)
The second step is to expose and develop the photonic crystal pattern using electron-beam lithography for pattern definition and Xylene for development. (P2)
Next, the transfer of the photonic crystal pattern into the top silicon layer of the chip, by plasma etching the sample in the reactive ion etcher. (P3)
The final step is to remove the buried oxide layer by etching away the silica in hydrofluoric acid.  This creates membraned photonic crystal devices, in other words, devices with air both above and below the silicon photonic crystal layer. (P4)
Ultimately, the device is optically characterized.  If the sample contains photonic crystal waveguides a Mach-Zehnder interometer based slow light experiment is performed.  If the sample consists of photonic crystal cavities, instead, a resonant scattering technique is used for characterisation. (P5)
[image: image1.jpg](P5)

Optical
Source.

(P3)

Reactive lon Etcher

\\ I l

Pattern in silicon

Gpical
Spectum
Analyser





Conceptual Narrative:
The overall goal of the following experiment is to __(insert overall goal here; e.g. observe the effect of your treatment on cell migration using wound healing assays)____. (Intro)
This is achieved by (1st step of protocol e.g. adding NGF to cells) to _(goal of 1st step - e.g. induce cell differentiation)__. (P1)
As a second step, _(insert 2nd step)__, which __(insert goal of 2nd step)_________ . (P2)  

Next, __(insert 3rd step)_____in order to___(insert goal of 3rd step)_________. (P3)
Results are obtained that show _(effect of treatment - e.g.  differences in protein expression in NGF treated cells_ based on  ___(method of analysis - e.g. Western blotting analysis)__. (P4)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.
· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Author name Prof. Thomas Krauss: The aim of our work is to build photonic nanostructures that allow us to control and manipulate photons on their fundamental lengthscale, i.e. the wavelength. The high quality of the structures is essential, so we can focus on novel concepts, physical effects and functional devices, rather than being limited by spurious losses and imperfections. By providing a detailed fabrication and characterisation protocol, we hope to stimulate further activity in this exciting field and look forward to exchanging  experiences with other research groups.
1.2. Author name Dr Christopher Reardon: Our fabrication recipe has been optimized over many years to produce high quality and low loss photonic crystal structures in silicon
1.3. Author name Dr Isabella Rey: As for the characterisation of the slow light properties of photonic crystal waveguides, our method stands out for its simplicity and power, as it doesn’t require any on-chip interference components nor moving parts in the optical setup.
1.4. Author name Dr Karl Welna: Regarding the resonant scattering measurements, the main advantage of this technique over existing methods is that it allows characterisation of photonic crystal cavities in an out-of-plane arrangement, which would usually require an internal source.
1.5.  Author name ________: I/We first had the idea for this method, when I/we ___________.

1.6. Author name _________: Visual demonstration of this method is critical as the ______________ steps are difficult to learn, because _______________.   
1.7. **Author name Dr Isabella Rey: Demonstrating the fabrication procedures will be Dr Christopher Reardon a post doc from our research group.  

1.7.1. Interview style: Author saying the above 

1.7.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE): 
Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

Authors: Some of the non-highlighted steps in your video were added for continuity, and the entire protocol was edited a bit for length.  If you would prefer that the later sections have more detail (which would require shortening the first sections a little), please let us know. 
2. SOI Wafer Preparation
2.1. To start, clean a silicon-on-insulator wafer by placing it in an ultrasonic bath of acetone for 1 to 2 minutes.

2.2. Then, transfer the sample into isopropanol for 30 seconds to remove any residual acetone and dry it using a clean dry nitrogen gun.

2.3. Next, place the wafer into a spin-coater and pipette on enough ZEP520A photoresist to completely cover the sample.  Spin the sample at 3200 RPM for 60 seconds to produce a 350 nm thick film.

2.4. Remove the wafer from the spincoater and bake on a hotplate at 180 °C for 10 min.  

2.5. Once the chip has cooled, place it into the pattern exposure chamber of the electron beam lithography system and pump down.  

2.6. When full vacuum has been achieved, set the acceleration voltage to 30 kV and leave the system to equilibrate for 1 hour. Then, expose the sample with an area dose of 55 µA/cm2 using a step size of 2 nm.

2.7. Develop the sample by placing it into xylene at 23 °C for 45 seconds then, rinse away residual xylene with isopropanol. (TEXT: Xylene is flammable and highly toxic)
3. Photonic Crystal Patterning
3.1. After cleaning the reactive ion etching chamber, load the sample and pump down the system to less than 3×10-6 mBar.  Then, precondition the chamber by flowing in CHF3 and SF6CHF in a 1 to 1 ratio at 100 sccm and allow the gasses to flow for at least 10 min. 
3.2. Next, set the RF power to 20 W and ignite a plasma.  Etch the sample for approximately 2 minutes while ensuring that a chamber pressure of 5×10-2 mBar is maintained.  

3.3. Then, remove the sample and clean it by rinsing in 1165 Remover with ultrasonic agitation for 1-2 minutes, followed by acetone and isopropanol.  (TEXT: 1165 Remover is flammable and an irritant)
3.4. To begin membrane isolation, spin-coat the sample with UV sensitive photo resist Microposit S1818 G2 (TEXT: S1818 G2 is flammable and an irritant) 

3.5. Using an appropriate photomask, define windows within the resist above the photonic crystal patterns using the UV mask aligner.  Expose the sample for approximately 30-45 seconds.  

3.6. Develop the photoresist in Microposit Developer MF-319 for 30-45 seconds, rinsing afterwards in de-ionized water. (TEXT: MF-319 can cause irritation to eyes, nose and respiratory tract)  

3.7. Next, etch the sample in 1 part Hydrofluoric acid to 5 parts de-ionized water for 15 minutes (TEXT: HF is extremely corrosive and readily destroys tissue)
3.8. After etching, rinse the sample thoroughly in de-ionised water.  

3.9. Remove the remaining photo-resist using acetone for 5 minutes or until sample appears clean followed by isopropanol.
3.10. Next, clean the sample in a piranha bath of 3 parts sulphuric acid to 1 part hydrogen peroxide for 5min. (TEXT: Piranha solution can explode in contact with acetone or isopropanol)

3.11. Then rinse the sample in de-ionised water, acetone, and isopropanol.  

3.12. Finally, cleave the sample by making small scratches on each side of the chip, lining the scratches up with the edge of a glass slide, and applying pressure to cleave along the scratch lines.

4. Photonic Crystal Slow-light Waveguide Characterisation
4.1. In order to measure transmission and group index curves of slow light photonic crystal waveguides, set up a Mach-Zehnder interferometric detection system shown here as described in detail in the accompanying protocol. 
4.2. Next, insert the chip into place and couple light into a blank ridge waveguide.  Adjust the delay stage until the reference arm length is shorter than the sample arm. To do this, observe the transmitted power through a continuous scan of the optical spectrum analyser: the interference fringes should become denser when the reference arm is shortened.  Adjust until 4 to 10 fringes are observed in a 10 nm wavelength range. 
LABMEDIA: Figure 10a (highlight 10 nm of wavelength and count the peaks within that region)
4.3. Once adjusted so the device provides the maximum delay, keep the delay fixed throughout the measurement of the entire sample.

4.4. Next, calibrate the setup by running three scans of the blank waveguide on the optical spectrum analyser using a resolution of 0.05-0.1 nm; one scan for the interference spectrum, and one scan for each of the two arms separately.  Record each measured spectrum.
4.5. Then, run the same three scans on each photonic crystal waveguide on the chip.

4.6. Calculate the transmission curve by normalizing the sample spectrum of a photonic crystal waveguide to that of the blank waveguide.  Calculate the group index curve from the interference spectra as described in the protocol.
LABMEDIA: Figure 11 (Authors: If approproiate, please provide figure 11 with the black (Transmission) curve only – transmission curve on its own is not appropriate)
5. Photonic Crystal Cavity Characterisation 
5.1. Begin, by mounting the sample vertically with a 45º orientation to the axis of the polarizer on a differential driven xyz micro-block and adjust the micro-block so that the sample is in focus and a cavity can be seen with the camera.
LABMEDIA: as in Figure 15 (left).  

5.2. Using an amplified spontaneous emission source, align the beam with the center of the cavity. 
LABMEDIA: Figure 15 (right).  

5.3. Next, start a broad scan with a low to moderate resolution in order to identify the cavity peaks.  Obtain the coarse wavelength of the resonance in the amplified spontaneous emission scan with an accuracy of ±1 nm. 
LABMEDIA: (Figure 16a) 

5.4. Once the cavity peaks have been identified, perform high-resolution scans with a tunable laser source attenuated to µW levels.  Scan with a resolution of 1 picometer for a 2 nm range centred at the previously found resonance wavelength.

5.5. Change the xyz position of the micro-block and re-run the scan until the signal to noise ratio is maximised and the line-shape is close to that of a Lorentzian, shown here.

LAB MEDIA Figure 17a
6. Results: Photonic crystal patterns alter light waveforms
(Authors: Please check the results section carefully for accuracy and to ensure that all the main points are well represented)
6.1. Successful etching with the reactive ion etching system produces a sample with vertical sidewalls and no widening of the holes at either surface of the silicon.  Pressure, power, and time settings have all been optimized for ideal pattern creation.
6.1.1. LABMEDIA: Figure 2 (Present image on Left half of screen and leave up there until it is replaced. Underneath add the text “Ideal Sample”

6.2. When the reactive ion etching pressure is above optimum, the increase in pressure causes an angle in the photonic crystal wall.

6.2.1. LABMEDIA: Figure 5 (Present image on Right half of screen. Underneath add the text “18% increase in pressure”)

6.3. Increases in the RF power can also cause irregularities in the crystal such as the widening of the photonic crystal holes shown on the right.
6.3.1. LABMEDIA: Figure 6 (Present image on Right half of screen. Underneath add the text “15% increase in RF power”) 

6.4. Too much exposure time causes a combination of effects due to the breakdown of photoresist resulting in widening of the photonic crystal holes and angled sidewalls.

6.4.1. LABMEDIA: Figure 7(Present image on Right half of screen. Underneath add the text “40% increase in time”)

6.5. A blank waveguide results in uniformly distributed fringes over the entire wavelength range.  
6.5.1. LABMEDIA: Figure 10a

6.6. When the blank is replaced with an 80μm long engineered slow light photonic crystal waveguide the fringes become denser at wavelengths above 1575 nm, marking the transition from the fast to the slow light regime.

6.6.1. LABMEDIA: Figure 10b

6.7. This method provides measured group indices in excess of 100 for an 80 µm long waveguide and almost 90 for a 300 µm long waveguide.
6.7.1. LABMEDIA: Figure 12  (show until the …and almost 90)

6.7.2. LABMEDIA: Figure 13  (show starting with …and almost 90)

6.8. High-resolution scans with tunable laser source will ideally produce a lorentzian line-shape for accurate Q-factor analysis of 43855 at a wavelength of around 1562 nm.
6.8.1. LABMEDIA: Figure 17c
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj
7. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
7.1. Author name Prof. Thomas Krauss: The protocol has been optimised for photonic crystal waveguides and cavities, which are some of the most demanding nanophotonic devices, but other types of devices such as rib waveguides and nanowires can also be made. We hope that other researchers will find our techniques useful and be able to build on the detail we have provided, also for the development of nanophotonic devices in other material systems.
7.2. Author name Dr Christopher Reardon: The fabrication protocol we have described is optimised for the realisation of photonic crystals in SOI substrate and for operation around 1550nm.

7.3. Author name Dr Isabella Rey: With our measurement technique based on spectral interferometry and Fourier transform analysis, we are able to measure group indices in excess of 100 from slow light waveguides with a very simple optical setup.

7.4. Author name Dr Karl Welna: The resonant scattering technique allows for a fast, straightforward and non-intrusive investigation of the spectral properties of photonic crystal nanocavities, as well as the determination of the quality factor of their resonant modes

7.5. Author name ________: Following this procedure, other methods like _____________ can be performed in order to answer additional questions like _____________.

7.6. Author name ________: After its development, this technique paved the way for researchers in the field of __________ to explore _____________ (subdivision of field, disease, natural phenomenon) in __________( model organism, patient demographic, organ system).

7.7. Author name _________: After watching this video, you should have a good understanding of how to _____________ (restate overall goal of the procedure mention specific steps).

7.8. Author name ____________: When ___________ don't forget that _____________ while performing these procedures.   
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

4.2 – 50216_Reardon_Figure10a_withHighlight.tif – Measured interferogram of a blank waveguide
4.6 – 50216_Reardon_Figure11.tif – Group index and transmission curve of an engineered slow light photonic crystal waveguide
5.1 – 50216_Reardon_Figure15_left.tif – Captured image of a photonic crystal cavity
5.2 – 50216_Reardon_Figure15_right.tif – Captured image of a photonic crystal cavity with laser aligned to cavity
5.3 – 50216_Reardon_Figure16a.tif – Initial broadband scan used to identify cavity resonances
5.5 – 50216_Reardon_Figure17a.tif – High resolution scan with a tunable laser source showing Lorentzian line-shape with high SNR
6.1.1 – 50216_Reardon_Figure2.tiff – Ideal Sample
6.2.1 – 50216_Reardon_Figure5.tiff – 18% increase in pressure

6.3.1 – 50216_Reardon_Figure6.tiff – 15% increase in RF power
6.4.1 – 50216_Reardon_Figure7.tiff – 40% increase in time

6.5.1 – 50216_Reardon_Figure10a.tif – Measured interferogram of a blank waveguide
6.6.1 – 50216_Reardon_Figure10b.tif – Measured interferogram of an 80µm long engineered slow light photonic crystal waveguide
6.7.1 – 50216_Reardon_Figure12.tif – Group index and transmission curve of an 80µm long engineered slow light photonic crystal waveguide
6.7.2 – 50216_Reardon_Figure13.tif – Group index and transmission curve of an 300µm long engineered slow light photonic crystal waveguide
6.8.1 – 50216_Reardon_Figure17c.tif – High resolution scan with a tunable laser source showing Lorentzian line-shape with low SNR

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.
You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
( 2012, Journal of Visualized Experiments


