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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most important for viewers to see?
3.2., 4.5., 4.7., 4.8., 4.10., 4.12.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
4.6., 4.9.
5. Will the filming need to take place in multiple locations (greater than walking distance)? N



Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Naiqing Zhang: Our protocol provides a detailed fabrication method of nano-height channels, incorporating surface acoustic wave actuation via lithium niobate for acoustic nanofluidics [1].
 
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. James Friend: This technique can be used to perform room-temperature, plasma surface-activated, multilayer bonding of single-crystal lithium niobate, a process equally useful for bonding lithium niobate or silicon dioxide and other oxides [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. James Friend: Any debris and particulates should be removed during the cleaning and plasma surface-activated processes to prevent bonding failure in the nano-height channel formation [1].

1.3.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera

1.4. Naiqing Zhang: Video demonstration of this method can capture the entire fabrication process in detail, resulting in a clear presentation of the protocol for other researchers [1]. 

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera



Section - Protocol
2. Nano-Height Channel Mask Preparation
2.1. To prepare a nano-height channel mask, place a wafer enscribed with a pattern designed via normal photolithography and lift-off procedures into a sputter deposition system [1] and draw down the chamber vacuum to 5 x 10-6 millitorrs [2].
2.1.1. WIDE: Talent placing wafer into system
2.1.2. Talent setting vacuum
2.2. Allow argon to flow at 2.5 millitorr [1] and sputter chromium at 200 Watts to produce a 400-nanometer-thick sacrificial mask within 18 minutes [2].
2.2.1. Talent setting argon flow
2.2.2. Chromium being sputter deposited
2.3. At the end of the deposition, completely submerge the wafer in a beaker of acetone [1] and sonicate the wafer at a medium intensity for 10 minutes [2].
2.3.1. Talent placing wafer into beaker
2.3.2. Wafer being sonicated
2.4. At the end of the sonication, rinse the wafer with deionized water [1] and dry the wafer with dry nitrogen flow [2].
2.4.1. Wafer being rinsed by water
2.4.2. Wafer being dried
2.5. Then use a dicing saw to divide the wafer into individual chips with one nanoslit pattern per chip [1-TXT].
2.5.1. Wafer being diced TEXT: Optional: Protocol can be paused here 
3. Nano-Height Channel Fabrication
3.1. To fabricate the nano-height channel, place the wafer into a reactive ion etching chamber [1].
3.1.1. WIDE: Talent placing wafer into chamber
3.2. Set the chamber parameters as indicated [1-TXT] to produce a 120-nanometer deep nanoslit in the lithium niobate [2].
3.2.1. Talent setting chamber temperature, power, vacuum, flow rate, and/or etch time Videographer: Important step TEXT: i.e., Temperature: 50 °C, vacuum: 20 mTorr, power: 20 W, SF6 flow rate: 10 scc/min, etch time: 20 min
3.2.2. Wafer being etched Videographer: Important step
3.3. To drill the channel inlets and outlets, use double-sided tape to attach a small steel plate to the bottom of a Petri dish [1] and the etched chip to the plate [2]. 
3.3.1. Plate being taped to dish
3.3.2. Chip being taped to plate
3.4. Fill the dish with water to fully immerse the chip [1] and attach a 0.5-millimeter-diameter diamond drill bit to a drill press [2].
3.4.1. Dish being filled with water
3.4.2. Talent attaching bit to press
3.5. Then drill at a speed of at least 10,000 rotations per minute to machine the desired inlets and outlets [1-TXT].
3.5.1. Inlet being drilled TEXT: Drilling should take 10-15 s
3.6. For chromium wet etching, use a diamond tip engraving pen to clearly mark the flat, unetched face of the drilled lithium niobate to keep track of which side the nanoheight channel is located [1] and sonicate the chips in chromium etchant [2-TXT].
3.6.1. Unetched face being marked
3.6.2. Chip(s) being sonicated TEXT: Protocol can be paused here
4. Room Temperature Plasma-Activated Bonding 
4.1. For solvent cleaning of the chips, place chip pairs consisting of one surface acoustic wave device and one etched nanoscale depression chip [1] and immerse the pairs in a beaker of acetone placed within a sonication bath [2].
4.1.1. WIDE: Talent collecting pair(s)
4.1.2. Talent placing chips into beaker, with acetone container visible in frame
4.2. After 2 minutes of sonication in acetone [1], sonicate the chips in methanol for 1 minute [2].
4.2.1. Chips being sonicated in acetone 
4.2.2. Chips being sonicated in methanol 
4.3. At the end of the methanol sonication, rinse the chips in deionized water [1].
4.3.1. Talent placing chips into ware
4.4. Next, add hydrogen peroxide to sulfuric acid at a 1:3 ratio in a well-ventilated hood [1] and place all of the chips into a Teflon holder [2].
4.4.1. Talent adding H2O2 H2SO4 with both contains visible in frame
4.4.2. Talent placing chips into holder
4.5. Carefully place the holder into the beaker of piranha acid for 10 minutes [1] before rinsing the chips and holder in two sequential deionized water baths [2].
4.5.1. Holder being placed into beaker Videographer: Important step
4.5.2. Holder being placed into water bath, with second water bath visible in frame OR transferring holder between water baths Videographer: Important step
4.6. After the second rinse, dry the chips with dry nitrogen flow [1] and immediately place the samples into oxygen plasma activation equipment, keeping them covered during handling to avoid contamination [2].
4.6.1. Chips being dried Videographer: Difficult step
4.6.2. Chips being placed into oxygen plasma Videographer: Difficult step
4.7. Using 120 Watts of power while exposing the chips to oxygen flow at 120 standard cubic centimeters for 150 seconds, activate the chip surfaces with the plasma [1].
4.7.1. Chips being activated OR Talent setting power and/or flow Videographer: Important step
4.8. At the end of the activation, immediately submerge the samples in a fresh deionized water bath for at least 2 minutes [1].
4.8.1. Samples being submerged in water bath Videographer: Important step
4.9. After drying the chips with dry nitrogen flow [1], carefully lay the nanoslit chip onto the surface acoustic wave device chip in the desired position with the chips aligned in the appropriate orientation [2].
4.9.1. Chips being dried Videographer: Difficult step
4.9.2. Chip being placed onto chip/being aligned Videographer: Difficult step
4.10. Then use tweezers or similar to press down upon the sample from its center to initiate the bond [1], applying gentle pressure to areas that failed to bond after the initial depression [2]. 
4.10.1. Center being pressed Videographer: Important step
4.10.2. Other sections being pressed Videographer: Important step
4.11. Next, place the bonded samples in a sprung clamp to safely exert loads despite thermal expansion [1] and place the clamped samples into a room temperature oven [2].
4.11.1. Talent placing samples into clamp
4.11.2. Talent placing clamp into oven
4.12. Then set the oven temperature to 300 degrees Celsius with a ramp rate of 2 degrees Celsius/minute maximum with a dwell time of 2 hours before automatic shutoff [1-TXT].
4.12.1. Talent setting oven parameters Videographer: Important step TEXT: Protocol can be paused here
5. Experimental Setup and Testing
5.1. To observe fluid motion in the completed nanoslit, place the nanoslit chip under an inverted microscope [1] and rotate the chip through a linear polarizing filter in the optical path to suitably block birefringence-based image doubling in the lithium niobite [2].
5.1.1. WIDE: Talent placing chip under microscope
5.1.2. [bookmark: _GoBack]Talent rotating the nanoslit chip
5.2. Then add ultrapure deionized water to the inlet [1-TXT] and image the fluid progression [2].
5.2.1. Water being added to inlet TEXT: Ultrapure liquid prevents clogging
5.2.2. Talent at microscope, viewing progression OR LAB MEDIA: Figure 2
5.3. For surface acoustic wave actuation, attach absorbers to the ends of the surface acoustic wave device to prevent reflected acoustic waves [1] and set the resonance frequency on a signal generator to around 40 megahertz [2].
5.3.1. Absorber being attached
5.3.2. Signal frequency being set
5.4. Use an amplifier to amplify the signal [1] and use an oscilloscope to measure the actual voltage, current, and power applied to the device [2].
5.4.1. Talent attaching amplifier to device
5.4.2. Talent using oscilloscope to measure voltage etc
5.5. Then apply a sinusoidal electric field to the interdigital transducer [1] and record the fluid motion during the actuation within the nanoslit [2].
5.5.1. Talent applying field
5.5.2. Talent recording fluid motion



Section – Results
6. Results: Representative Fluid Capillary Filling and Surface Acoustic Wave (SAW)-Induced Fluid Draining

6.1. In these images, capillary filling of ultrapure deionized water into one, 100-nanometer tall, 400-micrometer wide channel [1] and one 100-nanometer tall, 40-micrometer wide channel is shown [2].

6.1.1. LAB MEDIA: Figure 2 Video Editor: please emphasize left column of images
6.1.2. LAB MEDIA: Figure 2 Video Editor: please emphasize right column of images

6.2. Capillary forces drove fluid filling of the entire nanoslit with a drop of ultrapure water delivered through the inlet [1] and the filling occurred more quickly within the narrower channel due to its larger capillary force [2].

6.2.1. LAB MEDIA: Figure 2 Video Editor: please emphasize inlet on right side of top row of images
6.2.2. LAB MEDIA: Figure 2 Video Editor: please sequentially emphasize second, third, and fourth images in right column or emphasize water in capillaries in seconds, third, and fourth images in right column

6.3. In this experiment, water in a 100-nanometer height slit was drained to show a water-air interface with the maximum length at the middle, indicating a maximum acoustic energy at the middle of the surface acoustic wave device [1].

6.3.1. LAB MEDIA: Figure 3 Video Editor: please sequentially emphasize air “peaks” from left to right image

6.4. A threshold applied power of around 1 Watts is required to force the acoustic pressure to be larger than the capillary pressure to drive a visible draining phenomenon [1].

6.4.1. LAB MEDIA: Figure 4: Video Editor: please emphasize data points from about 1 to about 2


Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Naiqing Zhang: Most fabrication processes should be conducted in the cleanroom to prevent microscale particulate contamination and the fluid used for filling should be ultrapure to prevent clogging of the nanoslit [1]. 
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Step: 4.6., 5.2.)
7.2. Naiqing Zhang: Our approach offers a nano-acoustofluidic system for the investigation of a variety of physical problems and biological applications at the nanoscale [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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