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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? No.
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? Yes, the program is not hard to use but filming it is important for completeness sake. If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. 2.6, 3.4, 3.5, 4.1
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. 3.4 which is the “art” of alignment then 2.6 the “art” of Prism coupling
E.  Will the filming need to take place in multiple locations? No
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this procedure is to reproducibly characterize spatial light modulators by mapping their frequency response to angular output. 

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Drew Henrie: This method can help provide vital data required to answer key questions in the electro-holography field, such as identifying leaky mode transitions and optimization requirements. 
1.2. Dr. Smalley: The main advantage of this technique is that it clearly separates the leaky mode transitions and quickly provides repeatable information on their linearity, relative intensity, operating frequency, and angular spread.   
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Scott Gneiting: A visual demonstration of this method is critical as the prism coupling and alignment steps are difficult to learn through words alone. Visual cues guide both of these processes.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total) 
Protocol (read by voice talent at JoVE):

2. Mounting the Leaky Mode Modulator on a Breakout Board and Prism Coupling
Voice over title: The video protocol begins after the fabrication of a leaky mode modulator as described in the text protocol.
2.1. To characterize the device, first prepare to mount it on a radio frequency breakout board. [2.1.1-WIDE] Have ready a device, an RF breakout board, and three glass slides to make a mounting platform. [2.1.2-CU/MED-TXT]  One slide is larger than the other two; it will form the base of the U-shaped platform. [2.1.3-CU-TXT]

2.1.1. Talent at bench with materials needed for the ensuing steps

2.1.2. Listed materials in order from left to right [TEXT: Additional materials: superglue and double-sided tape]

2.1.3. Detail of slides to make relative sizes clear [TEXT: slides 75x50x1 mm and 75x25x1 mm]

2.2. Place a generous bead of superglue over the leftmost quarter of a slide's longest dimension. [2.2.2-CU] Begin to work with the largest slide. [2.2.1-MED] Next, orient a smaller slide so that its longest dimension is perpendicular to that of the first slide. [2.2.3-CU] Align the left edges of the two slides so that their lower left corners overlap. [2.2.4-CU] Put them in contact and apply firm and equal pressure to the slides until the glue sets. [2.2.5-CU]

(order of 2.2.1 and 2.2.2 switched)
2.2.1. Talent moving slide into position to work with it

2.2.2. Detail of large slide, then superglue being deposited

2.2.3. Detail of first slide as second slide is being oriented above it

2.2.4. Detail of slides as left sides are being aligned

2.2.5. Slides being but into contact and pressure being applied

2.3. Repeat the analogous steps for the right-hand side. [2.3.1-MED] This will result in a U-shaped structure. [2.3.2-CU] To mount the device, apply double sided tape to the platform at the center of the U. [2.3.3-CU] Now, work with the leaky mode resonator to be characterized. [2.3.4-MED] Check that the device has polished ends and is ready for use. [2.3.5-CU]

2.3.1. Talent adding second slide in analogous fashion to first

2.3.2. Detail of finished U-shaped structure

2.3.3. Detail of U-shaped structure as talent places double sided tape

2.3.4. Talent getting resonator and holding it to inspect

2.3.5. Detail of resonator as it is held by talent

2.4. Next, place the device on top of the tape that is already on the platform. [2.4.1-CU] Mount it so the end of the device overhangs the end of the mounting platform to avoid interfering with the light path. 2.4.2-CU/ECU] At this point, mount the RF breakout board. [2.4.3-MED] Mount the breakout board so that it is not in the beam path of the light exiting the device. [2.4.4-CU-TXT] The next step is wire bonding; this is the device and breakout board after they have been wire bonded. [2.4.5-CU]

2.4.1. U-shaped platform with tape, then talent putting device on tape

2.4.2. Detail of the mounted device and its position relative to the end of the mounting platform

2.4.3 WID
2.4.3. Talent working to mount breakout board

2.4.4. Detail of breakout board and device in place on platform [TEXT: See text protocol for mounting suggestions.]

2.4.5. Detail of breakout board and device in place on platform. Please keep as close to the same perspective as shot 2.4.4. (Video editor: Please transition to this image to indicate the device has undergone a transformation.)

2.5. Now, select an appropriate prism to couple light into the device and use isopropyl alcohol to clean the surface that will be in contact with the device. [2.5.1-MED-TXT] In addition, clean the contact surface of the device. [2.5.2-CU] Then place the prism on the device so it is centered on the device channel to be tested. [2.5.3-CU]

2.5.1. A Talent at bench, getting prism, and 
2.5.1B    cleaning it with alcohol [TEXT: See text protocol on choice of prism.]

2.5.2. Surface of the device, then surface being cleaned with alcohol

2.5.3. Surface of the device as prism is put into position on top of it

2.6. Continue by using a clamping mechanism to press the bottom of the prism firmly against the top of the device. Couple the elements. [2.6.1-MED] The clamping mechanism should press the bottom of the prism firmly against the top of the device, and successful coupling will produce a “wet spot” at the interface. [2.6.2-CU] When viewed at the proper angle, the wet spot will reflect a rainbow of color. [2.6.3-CU]

2.6.1. Talent working to clamp prism and device together For the sake of clarity, the device was rotated 90 degrees
2.6.2. Detail of prism clamped to device and displaying a “wet spot” that is not reflecting a rainbow. Please consult talent.

2.6.3. Clamped prism and device being slowly rotated to an angle that shows a rainbow. Please consult talent.
2.7. Scott Gneiting: It is tempting to put a lot of pressure in order to get a good wet spot. Avoid this! Excess pressure will only cause the prism’s surface to crack against the substrate! Instead just clean the surface and try again.

2.7.1. Interview style: Author saying above.
3. Preparing the Device in the Characterization Apparatus
3.1. The next step is to make use of the characterization apparatus. [3.1.1-WIDE-TXT] The apparatus has three laser sources; red, green, and blue, at one end. [3.1.2-MED/CU] Light from the lasers first passes through a variable attenuator, then a half-wave plate, followed by a variable aperture, and finally a focusing lens. [3.1.3-MED/CU] (Voice talent: Please pause briefly after naming each instrument.) The focused light falls upon the prism on the sample, which will be mounted on this rotation stage. [3.1.4-MED/CU]

3.1.1. WIDE: Talent at the characterization apparatus [TEXT: See Henrie, A., et al, Rev. Sci. Instrum. 86 (2)] Changed to moving to apparatus
3.1.2. MED/CU: Talent pointing out where the laser light enters the system. Please shoot the following steps to allow the viewer to develop a sense of how items are located in relation to one another. [TEXT: red: 638 nm, green: 532 nm, blue: 445 nm]

3.1.3. MED/CU: View of the optical elements, with talent pointing out the variable attenuator, half-wave plate, variable aperture, and focusing lens in that order, with pauses for narration. Possibly have talent read line for timing. 

3.1.4. MED/CU: Talent pointing out rotation stage. Please shoot so that viewer can see relation to optical elements.

3.2. This schematic provides an overview of the optical elements, the rotation stage, and the electronics. [3.2.1-LM] (Voice talent: Please pause briefly after “optical elements”, “rotation stage”, and “electronics”) Once light has entered the device, input of a radio frequency signal generates surface acoustic waves. [3.2.2-LM] These cause light to exit at a frequency controllable angle and fall on a power meter. [3.2.3-LM] Configure the instruments to collect data over a range of frequencies and positions. [3.2.4-LM]

3.2.1. LAB MEDIA: “Figure 5. Characterization Apparatus Schematic (1).psd” (Video editor: If possible, please highlight in some way the symbols labeled Variable Attentuator, Half-Wave Plate, Variable Aperture, and Focusing Lens during “optical elements”; the circle labeled “Rotation Stage” during “rotation stage”, and all the instrument symbols at the lower right [the two controllers, the generator, and the power meter] during “electronics”.)

3.2.2. LAB MEDIA: (continued) (Video editor: Please highlight the symbols labeled “RF signal generator” and “RF input” during “input of a radio frequency signal generates surface acoustic waves”)

3.2.3. LAB MEDIA: (continued) (Video editor: Please highlight the symbol labeled “Power Meter” and the portion of the red line between it and the symbol labeled “SAW device”.

3.2.4. LAB MEDIA: (continued) 

3.3. Mount the device with the prism and holder on the rotation platform. [3.3.1-MED] Place the assembly so that light from the focusing lens first encounters the prism. [3.3.2-CU] To align the device, first turn on the laser and adjust the attenuator until the intensity of the scattered light is comfortable to the eye. [3.3.3-MED] Next, place a polarizer in the beam path after the half-wave plate. [3.3.4-MED] Orient it so that it blocks horizontally polarized light. [3.3.5-CU]

3.3.1. MED: Talent mounting the device on the rotation platform

3.3.2. CU: Detail of the mounted assembly (clamped device and prism) on the rotation stage. Ideally position of the prism with respect to the lens can be seen.

3.3.3. A MED: Talent turning on laser and 
3.3.3B adjusting attenuator to achieve comfortable intensity

3.3.4. MED: Talent getting and placing a polarizer in the beam path

3.3.5. CU: Detail of the polarizer in position next to half-wave plate, then talent orienting its polarization axis

3.4. Rotate the half-wave plate to achieve maximum attenuation of the laser light. [3.4.1-CU] Once this is achieved, remove the polarizer. [3.4.2-CU/MED] Now, return to the rotation platform to manually rotate it. [3.4.3-MED] Adjust it so the laser light is at the proper entrance angle with respect to the top surface of the device. [3.4.4-CU/MED-TXT] Next, align the prism using the linear translation stage on top of the rotation stage. [3.4.5-CU/MED] Adjust the alignment until the focal point of the laser light passes through the 90º corner of the prism. [3.4.6-CU/ECU]

3.4.1. Detail of the half-wave plate and polarizer, then talent adjusting half-wave plate to attenuate light Same as 3.3.5
3.4.2. Talent removing the polarizer from the beam path

3.4.3. Talent getting into position at the rotation platform

3.4.4. Detail of rotation stage (with device visible) as it is being rotated into correct position. If it is possible to provide a sense of the laser light angle with respect to the device, please do. [TEXT: See Table 1 of text manuscript for entrance angles.]

3.4.5. Talent adjusting the linear translation stage no 3.4.5B
3.4.6. Detail of the prism with laser light passing through corner of prism
3.5. Scott Gneiting: Alignment can be the most frustrating part of characterization.   Make small changes and watch the focal point of the laser as well as the scattered light. As you gain experience you will notice patterns that will guide your hands. 

3.5.1. Interview style: Author saying above.

3.6. At this point, make fine adjustments to the rotation stage to achieve coupling. [3.6.1-MED] Monitor the device; as the waveguide begins to couple, a characteristic streak of light appears in the waveguide from scattering. [3.6.2-CU] Another way to verify coupling is to have light exiting the device fall onto a backplane. [3.6.3-MED] On the backplane, confirm the presence of characteristic mode lines of the light; these are various transverse electric modes. [3.6.4-CU-TXT] 

3.6.1. Talent making fine adjustments to the rotation stage 

3.6.2. Device as it goes from showing no evidence of coupling [no streak of light] to showing evidence of coupling. The change takes place as a result of the talent rotating the platform on which the device is mounted.

3.6.3. Talent turning attention from device to backplane

3.6.4. Detail of backplane with characteristic mode lines [TEXT: See text protocol if no coupling is detected.]

3.7. Once coupling is detected, fine tune the rotation and translation stages to increase the evanescent coupling. [3.7.1-MED] Next, ready the cable that connects the breadboard to the amplifier and signal generator. [3.7.3-MED-TXT] Make the connection to the signal input of the breakout board. [3.7.4-CU] 

3.7.1. Talent making fine adjustments to improve coupling

3.7.2. [moved] Talent checking beam path and power meter (possibly over the shoulder)

3.7.3. Talent getting cable attached to amplifier and rf signal generator and preparing to attach it to device. If the amplifier and signal generator can be in the shot for the viewer to observe that they are connected, please include them. [TEXT: The amplifier and signal generator should be off.]

3.7.4. [combined with 3.7.3] Detail as talent connects cable to breakout board

3.8. Continue by turning on both the radio frequency signal generator and the amplifier. [3.8.1-MED/WIDE] Here it is useful to do a preliminary test of the device [3.8.1B].  Sweep the frequency from 400 MHz to 600 MHz and check for deflected light [3.8.1C]. Before continuing, clear the beam path and ensure the power meter is in place. [3.7.2-MED]  Then, return to the attenuator in the optical path. [3.8.2-MED] There, undo any attenuation that was implemented for safety during alignment. [3.8.3-CU] Finally, use an optically isolating box to cover the entire characterization apparatus for the duration of the experiment. [3.8.4-WIDE/MED]
3.8.1.  Talent turning on the signal generator and the amplifier.

3.8.1B added
3.8.1C added
3.7.2
[moved] Talent checking beam path and power meter (possibly over the shoulder)

3.8.2. Talent moving to work with attenuator

3.8.3. Attenuator as talent adjusts it. Ideally some increase in intensity would be evident.

3.8.4. Talent covering the experiment with box

4. Performing the Test
4.1. Make use of instrument control software to run the characterization apparatus. [4.1.1-WIDE] This experiment uses LabView running a custom testing program. [4.1.2-SC-TXT]  After entering the testing parameters, run the program. [4.1.3-SC] The script should take less than 5 minutes to run. [4.1.4-MED]  During testing, it will produce a plot which can be manipulated; both the plot and the data will be saved. [4.1.5-SC]

4.1.1. Talent at computer entering parameters in control software

4.1.2. *To be provided by authors SCREEN: “enter_parameters” (Authors: I am assuming the screen will be similar to Figure 7. Please provide a recording of the last five or so parameters being entered into the program. Use the filename “enter_parameters”) [TEXT: See LabView script in auxiliary material.]
4.1.3.  *To be provided by authors SCREEN: “start_program” (Authors: Continue from the previous screen and start the program. Use the filename “start_program”) 
4.1.4. Talent at computer, observing/manipulating plot as it develops

4.1.5. *To be provided by authors SCREEN: “final_plot” (Authors: Please record an example of a final plot as produced by the software. There should be no activity on the screen and the plot should be stationary for a few seconds. After that, show a simple manipulation of it.)
5. Results: Characterization of a Leaky Mode Modulator
5.1. This data, collected before the device was packaged, is for a trapezoidal rutile prism and a commercial thin film analyzer. [5.1.1-LM] The vertical axis is laser intensity; the horizontal axis is a measure of the rotation of the device. [5.1.2-LM] The two dips correspond to angles at which a guided mode allows light to enter the waveguide and exit at the end of the device, thus avoiding reflection into the power meter. [5.1.3-LM]

5.1.1. LAB MEDIA: Figure 2. Sample Waveguide Data.psd
5.1.2. LAB MEDIA: continued (Video editor: Please point out the vertical and horizontal axes when voiced.)

5.1.3. LAB MEDIA: continued (Video editor: Please point out/highlight the two narrow dips in the middle of the plot.)

5.2. This optical power data, collected after packaging, is for a right angle rutile prism. [5.2.1-LM] The plot is the result of scanning the radio frequency input, in megahertz, (Voice talent: Please pause a beat here) and power meter location, in millimeters. [5.2.2-LM] The projection of the data on the Y axis gives the frequency response of the device. [5.2.3-LM] Projection on the X axis gives the span of the diffracted light output. [5.2.4-LM] The slope of the data in the XY plane provides a sense of the scan's linearity. [5.2.5-LM]

5.2.1. LAB MEDIA: Figure 8. Sample Frequency vs Position Graph.psd (Authors: If possible, please provide a version of this plot with the units on the axes. Use the filename “Figure 8. Sample Frequency vs Position Graph_revised.psd”) 
5.2.2. LAB MEDIA: continued (Video editor: Please highlight the “Y” axis during “radio frequency input, in megahertz” and highlight the “X” axis during “power meter location, in millimeters.” 

5.2.3. LAB MEDIA: continued (Video editor: If possible, please call attention to the projection of the data onto the Y-axis during this sentence.) 
5.2.4. LAB MEDIA: continued (Video editor: Similar to previous shot, please call attention to the projection of data onto the X-axis during this sentence.)

5.2.5. LAB MEDIA: continued

5.3. This plot combines raw data from several experiments in all three wavelengths for TE1 (Voice talent: Said “T-E-1”) guided modes. [5.3.1-LM] If the response for each color is adjacent in frequency and overlapping in angle, the device is appropriate for frequency control of color. [5.3.2-LM]

5.3.1. LAB MEDIA: Figure 9. Sample Mode Comparison Data.psd
5.3.2. LAB MEDIA: continued (Video editor: On the left plot, please highlight the region between about 400 and 600 on the horizontal axis when “adjacent in frequency” is said. Maintain that, and also highlight the region between -20 and -10 on the right plot when “overlapping in angle” is said.)
6. Conclusion (said by authors on camera)
6.1. Scott Gneiting: Once mastered, a full characterization, including red, green, and blue light, for a single channel takes 30 min. Higher resolution tests increase the testing time.

6.2. Dr. Smalley: After its development, this technique paved the way for researchers in the field of Electro-Holography to explore Frequency Division Multiplexing in waveguiding Spatial Light Modulators.
6.3. Drew Henrie: After watching this video, you should have a good understanding of how to characterize spatial light modulators in a repeatable and accurate way. This includes proper prism coupling, alignment, and testing 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, .eps, 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.  

Insert your media filenames here.

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 are included in the email accompanying the finalized script.
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