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Co-authors:
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? N
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? N
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.  3.3, 4.4, 5.2, 5.4, 5.5
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. 5.2 
E.  Will the filming need to take place in multiple locations? N
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 experiment is to demonstrate resolution enhancement with nonlinear scattering from plasmonic nanostructures.
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Shi-Wei Chu: In the field of optical microscopy, contrast and resolution are the most important factors. This method expands the super-resolution field with a new scattering-based contrast. 

1.2. Shi-Wei Chu: The main advantage of this technique is that scattering from plasmonic particles is strong, highly nonlinear, and non-bleaching.   
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Shi-Wei Chu: Demonstrating the procedure will be Hsuan Lee, a grad student from my  laboratory..  

1.3.1. Interview style: Author saying the above 

1.3.2. 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):

2. Alignment of the Confocal Microscope Setup
2.1. The experiments will be performed on an optical bench on which there is a microscope and two laser sources. [2.1.1-WIDE] The first laser source is a 532 nm continuous wave laser used for imaging. [2.1.2-MED] The second is a super-continuum laser used for spectroscopy measurements. [2.1.3-MED]

2.1.1. Talent at bench near microscope, in position to point out lasers
2.1.1a CU
2.1.2. View of the continuous wave laser, providing context of its position

2.1.3. View of super-continuum laser, providing context of its position

2.2. This is a schematic of the basic setup for both imaging and spectroscopy. [2.2.1-LM] Samples will be mounted on a piezoelectric positioning stage in the confocal microscope. [2.2.2-LM] Light from the laser first passes through a neutral density filter. [2.2.3-LM] The beam is directed by a beam splitter to galvano mirrors that provide raster scanning in the focal plane of the confocal microscope objective. [2.2.4-LM] The backward scattered light is collected by the objective and focused on the detector. [2.2.5-LM]

2.2.1. LAB MEDIA: Fig2(a).004.tiff 

2.2.2. LAB MEDIA: Fig2(a).004.tiff (Video editor: Please highlight the box labeled “Microscope + PI Stage”)

2.2.3. LAB MEDIA: Fig2(a).004.tiff  (Video editor: Please call attention to the box labeled “Laser Source” and the box labeled “ND Filter”.)

2.2.4. LAB MEDIA: Fig2(a).004.tiff (Video editor: Please highlight the rectangle labeled “50/50 BS” and the two rectangles labeled “Galvano Mirrors”)

2.2.5. LAB MEDIA: Fig2(a).004.tiff  (Video editor: Please highlight the symbol labeled “Lens” and the rectangle labeled “Detector”.)

2.3. Begin by aligning the white light illumination path of the microscope. [2.3.1-WIDE] Use the halogen light source under Köhler illumination. [2.3.2-MED] To verify the alignment of the internal iris, be certain to observe sharp edges on the octagon via the eyepiece or CCD. [2.3.3-LM]

2.3.1. Talent moving to microscope, preparing to align illumination path

2.3.2. Talent turning on light source, working to align microscope
2.3.2a CU
2.3.3. LAB MEDIA: Image from eyepiece/CCD of octagon with sharp edges to indicate iris alignment (Authors: Please provide this image using the filename  “iris_alignment”)
2.4. Next, use a piece of paper to check the external light path. [2.4.1-MED] Verify the beams are partially reflected by the beamsplitter and propagate toward the laser by moving the paper along the light path. [2.4.2-MED/CU]

2.4.1. Talent putting paper into position to check path

2.4.2. Talent using paper to check path of halogen light

2.5. Now, have ready paper targets to aid in further alignment. [2.5.1-MED] The targets should be on thin paper with concentric rings. [2.5.2-CU] Place these targets along the beam path so that they are aligned with the halogen beam. [2.5.3-MED-TXT] Here, a target is in position on the back aperture of the objective lens. [2.5.4-CU] This is another target in position along the optical path. [2.5.5-CU]

2.5.1. Talent getting/holding sample paper target

2.5.2. Detail of sample paper target

2.5.3. Talent placing a paper target at back aperture (TEXT: The galvano motors should be on.) galvano mirror part is moved to 2.6.2.
2.5.4. Detail of target in position at back aperture

2.5.5. Detail of a second target in optical path, ideally showing some context 

2.6. Next, turn on the 532 nanometer laser used for imaging in order to align it. [2.6.1-MED-TXT] [2.6.2-MED-TXT] Use the paper targets to aid in collimating the incident laser light opposite the halogen beam. [2.6.2-CU] Continue with finer alignment of the laser beam before removing the targets and proceeding. [2.6.3-MED/WIDE]

2.6.1. Talent working to introduce laser light to the system (TEXT: Use laser power at back aperture of objective of less than 10 µW for alignment.)
2.6.1a CU laser turning on
2.6.2. Laser light seen on one of the targets (TEXT: The galvano motors should be on.)
2.6.3. Talent working to align laser and/or removing targets

3.1. [moved] After aligning the confocal microscope, characterize the scattering nonlinearity of the sample. [3.1.1-WIDE] To do this, first use a power meter to measure laser power after the objective lens. [3.1.2-MED] The reading should be less than 10 microwatts, corresponding to an excitation intensity of less than 104 Watts per centimeter. [3.1.3-CU-TXT] Then, acquire an image of the gold nanoparticles using the CCD camera. [3.1.4-WIDE]

3.1.1. Talent moving into position for next steps

3.1.2. Talent putting power meter in position

3.1.3. Detail of power meter registering a measurement of less than 10 microwatts (TEXT: Excitation intensity = Power/Area of focus)

2.7. After aligning the laser, obtain a prepared gold nanosphere sample for the experiment. [2.7.1-MED] This sample has 80 nanometer gold nanospheres in oil; the mixture is sealed between two glass plates. [2.7.2-CU-TXT]  Continue by mounting the sample on the microscope stage and adding objective oil. [2.7.3-MED]

2.7.1. Talent picking up/holding a sample for the experiment near the mounting stage

2.7.2. Detail of the sample to provide a sense of scale (TEXT: See manuscript for sample preparation.)

2.7.3. Talent mounting sample on the microscope stage and adding objective oil. 
2.7.3a CU with oil
2.8. At this point, ready the detection system for imaging. [2.8.1-WIDE] Collect the scattered light with a photomultiplier tube at the end of the optical path. [2.8.2-CU/MED] Back along the beam path, have a 20 µm diameter pinhole to block out-of-focus scattered light from the photomultiplier tube. [2.8.3-CU/MED]

2.8.1. Talent getting into position to prepare/check photomultiplier tube and pinhole

2.8.2. Talent (hands) pointing out the photomultiplier tube. The shot should contain some of the optical elements that lead up to the photomultiplier, including the pinhole.

2.8.3. Talent (hands) moving back along the beam path and stopping to point out the pinhole 

2.9. Proceed with imaging by turning on the galvano mirrors and the photomultiplier. [2.9.1-WIDE] Observe the computer monitor to see the backscattering signal of the gold nanoparticles. [2.9.2-SCREEN] Maximize the backscattering signal by adjusting the pinhole position and the height of the sample stage. [2.9.3-SCREEN]

2.9.1. Talent turning on the components for the next steps and getting into position
3.1.4 Talent at setup, acquiring image
2.9.2. *To be supplied by the authors SCREEN: “screen_2_9_2” Backscattering signal that is not optimized. (Authors: Optimize the signal and then move slightly away from optimal before recording this. Use the filename “screen_2_9_2”)
2.9.3. *To be supplied by the authors SCREEN: “screen_2_9_3” Backscattering signal as it evolves from close to optimum, through optimum, then back to optimum (Use the filename “screen_2_9_3”
3. Characterization of Scattering Nonlinearity
3.2. After aligning the confocal microscope, characterize the scattering nonlinearity of the sample. [3.1.1-WIDE] To do this, first use a power meter to measure laser power after the objective lens. [3.1.2-MED] The reading should be less than 10 microwatts, corresponding to an excitation intensity of less than 104 Watts per centimeter. [3.1.3-CU-TXT] Then, acquire an image of the gold nanoparticles using the CCD camera. [3.1.4-WIDE]

3.2.1. Talent moving into position for next steps

3.2.2. Talent putting power meter in position

3.2.3. Detail of power meter registering a measurement of less than 10 microwatts (TEXT: Excitation intensity = Power/Area of focus)

3.2.4. Talent at setup, acquiring image

3.3. Open the captured image in image analysis software to characterize the scattering intensity profile. [3.2.1-SCREEN] Select a gold nanosphere among those in the image and draw a line across it. [3.2.2-SCREEN] Then, follow the steps required in the software to retrieve the scattering profile. [3.2.3-MED] Fit the profile to a Gaussian, which allows a further check on the alignment of the imaging system. [3.2.4-SCREEN-TXT]

3.3.1. *To be supplied by the authors SCREEN: “screen_3_2_1” (Authors: Provide a movie that simply shows the image that has been captured from experiment with gold nanospheres Use the filename “screen_3_2_1”)
3.3.2. *To be supplied by the authors SCREEN: “screen_3_2_2” (Authors: Continue from the previous image, then show the selection of one nanosphere and a line being drawn for the scattering profile. Use the filename “screen_3_2_2”)
3.3.3. Talent working at computer with captured image

3.3.4. *To be supplied by the authors SCREEN: “screen_3_2_4” (Authors: Simply show the profile and the Gaussian fit. Use the filename “screen_3_2_4”) (TEXT: See manuscript for details related to alignment.)

3.4. Next, begin to systematically scan through the excitation intensities. [3.3.1-WIDE/MED] First, change the neutral density filter to increase the excitation intensity. [3.3.2-CU/MED] Determine the new excitation intensity and record the backscattering image at the new intensity level. [3.3.3-WIDE] Use the image to extract the scattering profile of a nanosphere as before. [3.3.4-LM] Plot the scattering profile and identify its value at the center of the sphere as the scattering signal. [3.3.5-LM] Repeat these steps several times to build a plot of the scattering signal versus the excitation intensity. [3.3.6-LM]

3.4.1. Talent moving into position for next step

3.4.2. Talent (hands) changing neutral density filter

3.4.3. Talent moving into position to record the backscattering image; recording image

3.4.4. LAB MEDIA: “sphere image” (Authors: Please provide a backscattering image of a nanosphere used to measure the scattering signal along with the line used for the measurement drawn through it, similar to one of the top panels of Figure 7. Use the filename “sphere image”) 
3.4.5. LAB MEDIA: “scattering profile” (Authors: Provide an image of the scattering profile associated with the image in “sphere image”.) (Video editor: Please add this next to the image shown in 3.3.4.)

3.4.6. LAB MEDIA: “Fig 8.pdf” 

3.5. In this figure, the blue points represent data; the red line is a polynomial fit. [3.4.1-LM] There is a linear relationship between the scattering signal and low values of the excitation energy. The drop below this linear relationship indicates that saturation has occurred.

3.5.1. LAB MEDIA: “Fig 8.pdf” (Video editor: Please point to the points and curve in the linear region [say less than around 1 on the horizontal axis] during the second sentence. Continue to use the bare image for the remainder of the sentences.)
4. Measurement of a Scattering Spectrum of a Single Gold Nanosphere
4.1. The next step is to perform spectroscopy on a single gold nanosphere. [4.1.1-WIDE] This schematic provides an overview of the setup. [4.1.2-LM] Use a super-continuum laser source with a wavelength range of 450 to 1750 nanometers. [4.1.3-LM] Also, use a broadband 50/50 beamsplitter to ensure spectral coverage over the visible spectrum. [4.1.4-LM] Place a flipping mirror in front of the photomultiplier tube to direct the light toward the spectrometer, which is equipped with a charge-couple device. [4.1.5-LM] The super-continuum laser should be aligned using the same procedure as for the 532 nm laser.  [4.1.6-LM]

4.1.1. Talent at bench preparing for spectroscopy measurements

4.1.2. LAB MEDIA: Spectrometer.tiff

4.1.3. LAB MEDIA: Spectrometer.tiff (Video editor: Please highlight the square labeled “Laser Source.”  If possible, show the words “Super-continuum laser: 450–1750 nm”.)

4.1.4. LAB MEDIA: Spectrometer.tiff (Video editor: Please highlight the rectangle labeled “50/50 BS”.)

4.1.5. LAB MEDIA: Spectrometer.tiff (Video editor: Please highlight the rectangle just above the shaded out symbol labeled “Lens”.)

4.1.6. LAB MEDIA: Spectrometer.tiff

4.2. At the output of the super-continuum laser, take some precautions to remove excess infrared power from the system. [4.2.1-MED] Place visible light reflecting mirrors in the optical path right after the laser output before sending the beam to the microscope. [4.2.2-MED] In conjunction with the mirrors, use beam dumps to collect the infrared radiation that might damage the system. [4.2.3-CU]

4.2.1. Talent (hands) pointing out the super-continuum laser. Shot should include a clear view of the mirrors and beam dumps just after the laser output.

4.2.2. Talent (hands) pointing out one mirror, then the other

4.2.3. Detail of one mirror and the beam dump used with it (Tobie will send a photo with an arrow on the beam dump)
4.3. With the laser aligned, acquire an image of the gold nanospheres. [4.3.1-WIDE] View the image and identify a single nanosphere for study; fix the focus of the incident broadband light onto the chosen nanosphere. [4.3.2-SCREEN] 
4.3.1. Talent acquiring an image
4.3.2. *To be supplied by the authors SCREEN: “screen_4_3_2” Acquired image of the nanosphere(s) then light being focused onto selected nanosphere (Authors: Please record image of nanospheres before the light is focused on one, then continue to show how as light is focused on one sphere. Use filename “screen_4_3_2”)
4.4. Next, ensure that the spectrometer is in the optical path. [4.4.1-WIDE] In this position the flipping mirror directs the incident light to the photomultiplier tube. [4.4.2-MED/CU] Reorient the mirror to direct the incident light to the spectrometer. [4.4.3-MED/CU] Proceed to collect data on the scattering spectrum of the single gold nanoparticle. [4.4.4-WIDE/MED] As in this example, the measured spectrum will be a mixture of nanosphere scattering and background due to reflections. [4.4.5-LM]
4.4.1. Talent moving to change position of flipping mirror (slated as 4.4.2)
4.4.2. Talent (hands) pointing out the flipping mirror, then the photomultiplier tube (slated as 4.4.1)
4.4.3. Talent (hands) changing orientation of flipping mirror to direct beam to spectrometer

4.4.4. Talent turning attention to spectrometer and beginning measurements

4.4.5. LAB MEDIA: “gns+background” (Authors: Please provide a sample of a measured spectrum with a GNS. Use the filename “gns+background”)
4.5. After taking the spectrum, return to the flipping mirror. [4.5.1-WIDE] Turn it to direct light to the photomultiplier tube. [4.5.2-MED/CU] Take another image to confirm that the gold nanoparticle has not changed position. [4.5.3-SCREEN] Next, shift the focus of the broadband light to a point where there is no particle. [4.5.4-SCREEN]

4.5.1. Talent moving into position to adjust the mirror

4.5.2. Talent (hands) changing mirror to direct beam to the photomultiplier tube

4.5.3. *To be supplied by the authors SCREEN: “screen_4_5_3” Image of the nanosphere verifying it has not moved (Authors: Provide an image of the nanospheres that is consistent with 4.3.2 above, but after the spectrum is taken. Use the filename “screen_4_5_3”)
4.5.4. *To be supplied by the authors SCREEN: “screen_4_5_4” Image as the focus is shifted to a point without a particle (Authors: Starting from the the image in 4.5.3, the focus of the light being shifted to a place without a particle. Use the filename “screen_4_5_4”)
4.6. Change the mirror again to direct light to the spectrometer and proceed to make another spectrum measurement. [4.6.1-WIDE] The new spectrum is of the background; it will be subtracted from the spectrum of the gold nanosphere. [4.6.2-LM] Here is the clear backscattering spectrum produced by subtracting the background spectrum from the spectrum with the gold nanospheres. [4.6.3-LM] 

4.6.1. Talent turning mirror to correct position, then going through steps to measure spectrum

4.6.2. LAB MEDIA: “background”, “gns+background” (Authors: Please provide a sample of a background spectrum to be subtracted from “gns+background”) (Video editor: Please start with the file “background”. For the second half of the sentence, add “gns+background” next to it.) 

4.6.3. LAB MEDIA: “gns” (Authors: Please provide the backscattering spectrum of the gold nanosphere produced by substracting “background” from “gns+background”)
5. Alignment of the Saturated Excitation (SAX) Microscope
5.1. Saturated excitation microscopy of the sample requires a different setup. [5.1.1-WIDE] This is the schematic of the saturation excitation microscope. [5.1.2-LM] The laser source is a 532 nanometer laser. [5.1.3-LM] Use a 50/50 beamsplitter to create two beams from the laser source. [5.1.4-LM] Pass each beam through a separate acousto-optic modulator; the different modulator frequencies generate a beat frequency that will serve as the modulation frequency of the saturated excitation signals. [5.1.5-LM]
5.1.1. Talent at bench working with the SAX setup

5.1.2. LAB MEDIA: “Fig 3.pdf”

5.1.3. LAB MEDIA: “Fig 3.pdf” (Video editor: Please highlight the rectangle labeled “Laser Source” during this sentence. If possible, somehow add “532 nm wavelength”.)
5.1.4. LAB MEDIA: “Fig 3.pdf” (Video editor: During this sentence, please highlight the grey rectangle labeled “50/50 BS” in the lower left corner of the region enclosed in blue.)

5.1.5. LAB MEDIA: “Fig 3.pdf” (Video editor: Please highlight to two rectangles labeled “AOM” during this sentence.)

5.2. Combine the first-order diffracted beams from the acousto-optic modulators with another 50/50 beam splitter. [5.2.1-LM] To monitor temporal modulation, use a glass slide to split a small portion of the laser light off to a photodetector. [5.2.2-LM] To check the system, connect the photodetector to an oscilloscope; make sure no sample is in place. [5.2.3-WIDE/MED] 

5.2.1. LAB MEDIA: “Fig 3.pdf” (Video editor: During this sentence, please highlight the grey rectangle labeled “50/50 BS” in the upper right corner of the region enclosed in blue.)

5.2.2. LAB MEDIA: “Fig 3.pdf” (Video editor: Please highlight the rectangles labeled SG and PD during this sentence.)

5.2.3. Talent making/checking connection between photodetector and oscilloscope. Ideally the oscilloscope and the lock-in amplifier used below would be adjacent.

5.3. Assess the photodetector signal on the oscilloscope. [5.3.1-MED] The signal should be a sinusoid at the beat frequency if the modulation and beam overlapping are correct. [5.3.2-LM] For this experiment, the expected beat frequency is 10 kilohertz. [5.3.3-LM-TXT] Make efforts to achieve as perfect a sinusoid as possible with minimal nonlinearity. [5.3.4-LM-TXT]

5.3.1. Talent working with oscilloscope and brining up signal from the photodetector

5.3.2. LAB MEDIA: “Fig 4.pdf” 

5.3.3. LAB MEDIA: “Fig 4.pdf” (TEXT: AOM frequencies: 40.000 MHz and 40.010 MHz) (Video editor: Please draw attention to the circled value in the lower right of the image.)

5.3.4. LAB MEDIA: “Fig 4.pdf” (TEXT: See manuscript for guidelines) 

5.4. The next step is to incorporate a lock-in amplifier into the system. [5.4.1-WIDEMED] For saturated excitation microscopy, the lock-in amplifier has input from the photodetector and the photomultiplier tube. [5.4.2-LM] Disconnect the output of the photodetector from the oscilloscope and connect it to the reference input of the amplifier. [5.4.3-CU/MED] Connect the output of the photomultiplier tube to the lock-in amplifier as the signal input. [5.4.4-CU/MED]

5.4.1. Talent rising from oscilloscope to begin making connections with lock-in amplifier

5.4.2. LAB MEDIA:  “Fig 4.pdf” (Video editor: Please highlight the rectangles labeled “PD”, “PMT”, and “Lock-in Amplifier”)

5.4.3. Talent (hands) disconnecting the cable from the oscilloscope and connecting it to the reference input of the amplifier. If it isn't possible to capture all of this, make sure the shot includes the connection of the cable to the lock-in amplifier.

5.4.4. Talent (hands) connecting cable from the photomultiplier tube to the amplifier signal input 

5.5. Send output from the amplifier to a data acquisition card. [5.5.1-CU] At this point, mount the sample on the microscope stage. [5.5.2-WIDE] Use the same sample with 80 nanometer gold nanospheres in oil sealed between two glass plates. [5.5.3-MED/CU] Return to the lock-in amplifier while taking measurements. [5.5.4-WIDE] 
5.5.1. Talent (hands) making/checking connection of cable from the amplifier output
5.6. Set the amplifier to export the absolute magnitude of the voltage signal–in this case by selecting “R” in the channel one display panel. [5.6.1-CU] Change the harmonic component setting at the reference channel to obtain the saturated excitation signal amplitudes. [5.6.2-CU]

5.6.1. Detail of amplifier controls, then the controls as the “R” is selected (combined with 5.6.2)
5.6.2. Detail of the amplifier controls as talent demonstrates changing harmonic component

5.7. These color images are formed using custom software to synchronize and combine the signals from the lock-in amplifier and the driving voltages of the galvano motors. [5.7.1-LM] The scanning electron microscope image is for comparison. [5.7.2-LM] The images demonstrate resolution enhancement with different harmonic components.

5.7.1. LAB MEDIA: resolution1.pdf (Video editor: Please highlight the lower three images)

5.7.2. LAB MEDIA: resolution1.pdf (Video editor: Please highlight the top image)

5.7.3. LAB MEDIA: resolution1.pdf
6. Results: Spectrum, Scattering Signal vs Excitation Intensity, and Saturated Excitation Harmonic Signal Strengths for a Gold Nanosphere
6.1. The measured spectrum of an 80 nanometer gold nanosphere is in red. The solid curve, calculated using Mie (Voice talent: This sounds like “Me”) theory, shows excellent agreement. The localized surface plasmon resonance is at 580 nanometers.

6.1.1. LAB MEDIA: “Fig 6.pdf”

6.2. Scattering images, above, and line profiles, below, have different features as a function of the excitation intensity.  At low intensity the point spread function is a standard Gaussian profile. Higher intensities result in the function flattening and widening, indicating saturation. At higher values the central intensity is not the maximum, resulting in a donut shaped point spread function. Eventually the central intensity becomes the peak again during reverse saturation.

6.2.1. LAB MEDIA: “Fig 7.pdf” (Video editor: During “Scattering images, above...” please highlight all of the upper images, then highlight all the lower images during “line profiles, below..” During each of the next four sentences, please highlight each of the paired images (top and bottom) in turn, going left to right.)

6.3. The blue data points in this plot of the central intensity at different excitation intensities reveal both saturation and reverse saturation behavior. The data points are fit to a fifth-order polynomial plotted in red. This data can be used to extract the harmonic frequency components. 

6.3.1. LAB MEDIA: “Fig 8.pdf” (Video editor: If possible, please highlight/point to the region of the curve and data between the peak at about 1.5 on the horizontal axis and the minimum to its right during “saturation” in the first sentence. In the same way, highlight the rightmost increasing part of the curve during “reverse saturation”)

6.3.2. LAB MEDIA: continued (Video editor: Please point to the red curve during the second sentence.)
6.3.3. LAB MEDIA: continued (TEXT: See manuscript for details.)
6.4. The harmonic components can also be found directly using the lock-in amplifier. This left plot is of experimental data; the right plot is the result of calculation using the fifth order polynomial fit. Both plots exhibit dips at specific intensities along the curves, for example, three dips in the second harmonic. Also, in each plot, for each harmonic order, the slope increases after the first dip.

6.4.1. LAB MEDIA: “Fig9(a).009.tif”, “Fig9(b).010.tif” (Video editor: Please show side-by-side, “Fig9(a)” on the left.)

6.4.2. LAB MEDIA: continued from 6.4.1 (Video editor: Please highlight the left plot during the first half of the sentence, and the right half during the last half of the sentence.)

6.4.3. LAB MEDIA: continued from 6.4.2 without highlights (Video editor: In image “Fig9(a)”, please point to the three regions where the vertical value of the red dots is at a local minimum (approximate horizontal scale positions: between the fifth and sixth tick marks, between the first and second tick marks after the “1”, and about the fourth tick mark after the “1”. At the same time, point to the more dramatic dips of the red curve in image “Fig9(b)”.)

6.4.4. LAB MEDIA: continued from 6.4.3 without highlights
7. Conclusion (said by authors on camera)
7.1. Hsuan Lee: Once mastered, this technique can be done in less than 3 hours, if it is performed properly.
7.2. Hsuan Lee: While attempting this procedure, it’s important to remember to check the purity of the sinusoidal modulation, linearity of the detection system, and the mechanical stability of the sample.
7.3. Shi-Wei Chu: After watching this video, you should have a good understanding of how to achieve resolution enhancement based on nonlinear scattering from plasmonic nanostructures 

7.4. Shi-Wei Chu: This technique provides an inspiring example for researchers in the field of super-resolution microscopy to explore novel contrasts in other fundamental light-matter interactions.
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.  

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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