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Questionnaire:
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___Y______  
Can you record movies/images using your own microscope camera? (Y/N)___Y______  
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____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. (Please do not list entire sections.) _2.1, 2.7, 3.5, 6.3  
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. (Please do not list entire sections.) 2.7  We will prepare a semi-finished mold which has been exposed twice (2.3-2.7 steps). 
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____  
1. Introduction (Experimental Goal and Author Interviews) 
COLOR CODING KEY
ORANGE TEXT – Voice over script 橙色部分是后期加旁白，请忽略
For Videographer reference: 绿色部分是给摄影师的提示
RED TEXT – NOT FILMED 红色部分无须拍摄
BLUE TEXT – FILMED 蓝色部分必须拍摄
Editors - For video editor reference only
A. Experimental Goal: (read by voice talent at JoVE) [Videographer: Disregard this section. It is not filmed]
The overall goal of this procedure is to produce uniform and size-controllable PEGDA droplets via the flow focusing process in the semi-3D PDMS chip. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!) Videographer: Film this in a quiet room OUTSIDE lab.  所有采访部分都必须在安静地方拍摄 
1.1. Xiang Qian: This method can help to answer the key questions in the microfluidic droplet formation field, including fabricating the semi-3D flow focusing PDMS chip and producing the pure PEGDA droplets.
1.2. Min Zhang: The main advantage of this technique is that the semi-3D flow-focusing device provides larger adjusting range for flow-focusing mode. Pure PEGDA makes sure that the shrinkage ratio of PEGDA particles is lower than 10%.  
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  Videographer: Film this in a quiet room OUTSIDE lab.    
1.3. Xiang Qian: The implications of this technique can be extended to may bio-chemical applications due to the greater surface area to volume ratio, and also large-scale applications will be benefitted for this technique with consuming a few microliters of sample.
1.4. Yan Wu: Though this method can provide insight into PEGDA droplet formation, it can also be applied to other systems, such as gas-liquid flow-focusing ionizing.
1.5. Xiang Qian: Generally, individuals new to this method will struggle because of clogging in the orifice and instability of tip-streaming mode.
1.6. Yan Wu: Visual demonstration of this method is critical as semi-3D flow focusing chip fabrication is difficult to learn, because the alignment of top and bottom PDMS layers to fabricate semi-3D chip by hands is not trivial. 
8. Conclusion (said by authors on camera) [Videographer: FILM THESE INTERVIEW STATEMENTS IN A QUIET ROOM. NOT IN THE LAB.]
8.1 Xiang Qian: This technique paved the way for researchers in the field of biological applications and provides a powerful tool for drug discovery, synthesis of biomolecules, and diagnostic testing.
8.2 Xiang Qian: After watching this video, you should have a good understanding of how to fabricate semi-3D microfluidic chips and how to produce a few micron PDGEA droplets.
8.3 Xiang Qian: Don't forget that working with photoresist, PGMEA, hexadecane, and Rhodamine B can be extremely hazardous and precautions such as wearing disposable gloves and a mask should always be taken while performing this procedure.    
Protocol: (read by voice talent at JoVE)  
Videographer: The authors will be able to explain any technical language to you, if you have any questions. 
2. Mold Fabrication [Videographer: FILM ACTIONS IN BLUE TEXT IN LABORATORY AS AUTHORS DO THE PROCEDURE]以下部分在实验室拍摄操作
2.1. Design the two photomasks using standard techniques. [1-MED Over the Shoulder] Use two separate layers for mask 1 and 2 in the same drawing file to ensure that all connections line up between the different channels. [2-SCREEN] 
2.1.1. Talent sits at computer and opens photomasks
2.1.2. 57198-screen2.1
2.2. Mask 1 contains the dispersed phase inlet channel and an orifice, while mask 2 contains the continuous phase inlet channel, the filter and the outlet. Use the two alignment marks and print the different layers independently to a chrome plate on glass. [1-LM]
2.1.1 Figure 2 (Video Editor: Label Figure 2a “Phase inlet channel and an orifice” and Figure 2b “Continuous phase inlet channel, filter, & outlet”)
2.3. Next, in a designated photolithography lab, place a clean, [1-MED] 3-inch diameter silicon wafer on a spin coater and turn on the vacuum to affix the wafer to the spin chuck. [2-CU]
2.3.1. Talent places a wafer on the spin coater
2.3.2. Talent turns on the vacuum
2.4. Spin-coat 2 to 3 mL of SU-8 2025 negative photoresist onto the wafer for 10 seconds at 1,000 rpm, then change the speed to 3,000 rpms for 30 seconds. [1-CU] This will provide a layer thickness of 20 μm for the first layer.[2-CU]
2.4.1. Talent sets the speed and begins spin-coating
2.4.2. Talent opens the spin-coater
2.5. Soft bake the first layer by placing it on a 95°C hotplate for 6 minutes and then remove the wafer and let it cool back to room temperature. [1-MED]  Expose the soft baked wafer to mask #1 under a collimated UV light for 18 seconds. [2-CU-TXT]
2.5.1. With the wafer baking at 95C, talent waits a second and then removes the wafer from the hot plate and sets it to cool. 
2.5.2. Talent turns on the UV light (TEXT: UV Light: 365 nm, 15 mW/cm2)
2.6. Following UV exposure, post-bake the wafer on a 95°C hotplate for 6 minutes. [1-MED]  Afterwards, allow the wafer to cool back to room temperature. [2-MED]
2.6.1. Talent places wafer back onto hot plate
2.6.2. Talent removes wafer from the hot plate
2.7. Repeat the spin-coating process a second time using 2 to 3 mL of SU-8 2100 negative photoresist. [1-CU] Spin the wafer for 10 seconds at 1,000 rpm and then at 2,000 rpms for 30 seconds.  This provides a second layer thickness of 130 μm. [2-CU]
2.7.1. Talent adds photoresist to the wafer
2.7.2. Talent spins the sample on the spin-coater
2.8. After soft baking the wafer on a 95°C hotplate for 35 minutes, line up mask #2 on the second layer photoresist and expose it to UV light for 30 seconds… [1-CU-TXT] Then, post-bake it on a 95°C hotplate for 7 minutes. [2-MED]
2.8.1. Talent lines up the mask and exposes the sample to UV light (TEXT: UV Light: 365 nm, 15 mW/cm2)
2.8.2. Talent places wafer on the hot plate.
2.9. Once cooled back to room temperature, develop the wafer by immersing in a stirred bath of 50 mL of propylene glycol methyl ether acetate until features become clear on the wafer. [1-CU]  Then, wash the wafer with ethyl alcohol. [2-CU]
2.9.1. Talent places wafer in the developer
2.9.2. Talent washes the wafer with ethanol
2.10. Finally, place the wafer on the thermostatic platform and hard bake it at 95°C for 2 hours. [1-CU]
2.10.1. Talent places wafer on the platform to bake
3. Semi-3D Flow-focusing Microfluidic Chip Fabrication
3.1. Using an automatic ointment agitator, mix a PDMS monomer and its curing agent for 4 minutes at a 10:1 ratio for the top layer, and an 8:1 ratio for the bottom layer. [1-CU]
3.1.1. Talent adds monomer and curing agent to agitator and mixes the PDMS
3.2. Place the silicon wafer into a 90 mm Petri dish and then pour the 8:1 ratio PDMS mixture over the mold to a thickness of 2 to 3 mm. [1-CU] Then, degas the PDMS in a vacuum chamber until all the bubbles disappear. [2-MED]
3.2.1. Talent places wafer in Petri dish and pours PDMS on top of the wafer
3.2.2. Talent places sample in the vacuum chamber and applies vacuum
3.3. Place the Petri dish in an oven and cure the PDMS at 80°C for 1 hour. [1-MED] Once cooled back to room temperature, use a scalpel to cut the device at least 3 mm away from the features and slowly peel the PDMS layer from the silicon wafer. [2-CU]
3.3.1. Talent places the petri dish in an oven
3.3.2. Talent cuts the device from the wafer
3.4. Then, punch the dispersed phase inlet… the continuous phase inlet… and the outlet in the top PDMS layer using a 0.75 mm diameter punch. [1-CU]
3.4.1. Talent punches the device in the order listed
3.5. Clean the PDMS surface with adhesive tape to remove any dust particles. [1-CU] Then, place both the top and bottom PDMS layers simultaneously into a plasma cleaner and expose to plasma for 2 minutes at 300 W. [2-MED]
3.5.1. Talent cleans the surface with tape
3.5.2. Talent places the layers into a plasma cleaner and pumps down chamber.
3.6. Immediately following plasma exposure, place the top layer on the bottom layer [1-CU] and slide the surfaces relatively until features are aligned viewing through a stereo microscope. [2-SCOPE]
3.6.1. Talent places the top on the bottom layer
3.6.2. Talent aligns the layers under the stereoscope
3.7. Cure the device in an oven at 120°C for one day to enhance its strength and complete the bonding.[1-CU]
3.7.1. Talent places the device in an oven to bake
4. Reagent Preparation
4.1. To begin, prepare the continuous phase solution by dissolving 18% of a silicone-based nonionic surfactant in hexadecane.[1-CU]
4.1.1. Talent adds silicone surfactant to hexadecane and mixes
4.2. Next, prepare the solution of the dispersed phase by starting with a hydrophilic PEG diacrylate, adding 5 mg/mL of a photo-initiator, and 1 mmol/L of a fluorescent dye. [1-CU-TXT]  
4.2.1. Talent adds items in the order listed. (TEXT: PEGDA: poly (ethylene glycol) diacrylate, MW 255; PI: 2-hydroxy-4’-(2-hydroxyethoxy)-2-methylpropiophenone, 5 mg/mL;Dye: rhodamine B, 1 mmol/L)
4.3. Fill the 1 mL reservoirs of a pneumatic pressure controller with the continuous phase. [1-MED] Then, fill a 200 μL gel loading tip with the dispersed phase.[2-CU]
4.3.1. *Film as written
4.3.2. *Film as written
5. System Preparation
5.1. Place the semi-3D microfluidic device on the stage of an inverted optical microscope equipped with a high-speed camera.[1-MED]
5.1.1. Talent places device on stage of microscope
5.2. Next, connect a fluorinated ethylene propylene tube to the punched hole of the continuous phase by first attaching it to a short stainless-steel tube, inserting the tube into the end of a gel loading tip, and placing the tip into the punched hole of the dispersed phase. [1-CU]
5.2.1. Talent performs steps in the order listed
5.3. Then, insert a 20 cm long FEP tube into the outlet of the device and place the end into a petri dish . [1-CU]
5.3.1. *Film as written
6. Droplet Formation
6.1. Focus the inverted microscope on a region that contains the two-phase intersection, the orifice region, and the downstream channel.[1-SCREEN]
6.1.1. Screen capture video of the above step in the order listed. [ 57198-screen6.1]
6.2. Then, set pressures of the two phases using a connected pneumatic pressure controller.  Set the dispersed phase at 15 mbar and the continuous phase at 30 mbar.  Wait 3 minutes for the pressure to stabilize and stable fluid flow is reached, carrying no bubbles or PDMS residue. [1-SCREEN]
6.2.1. Screen capture video of the above step in the order listed. [57198-screen6.2]
6.3. Next, set the pressure of the dispersed phase as the base-level pressure of the system to 45 mbar. Increase the pressure of continuous phase until the emulsion breakup mode is changed from jetting to the tip-streaming mode, then wait 5 minutes for it to stabilize. [1-SCREEN]
6.3.1. Screen capture video of the above step in the order listed. [57198-screen6.3]
6.4. Once set up, place the tube end connecting the outlet hole to petri dish and collect the droplets. [1-CU] Expose them to UV light where they will rapidly solidify into spheres.[2-CU]
6.4.1. Talent places the tube and collects droplets
6.4.2. Talent sets the angle of the tube and turns on the UV light.
7. Results: Size-controlled Poly (ethylene glycol) Diacrylate Droplets  
[Videographer: DISREGARD THIS SECTION! JOVE VIDEO EDITORS WILL PROVIDE IMAGES. DO NOT FILM!] 以下部分无须拍摄，请忽略
7.1. Because of the difference of depth of the dispersed phase channel… and the continuous phase channel… the dispersed phase flow is squeezed on all directions by the continuous phase flow. [1-LM]As a result, symmetric conical liquid tip forms to produce droplets continuously.[ 2-LM]
7.1.1. Figure 4a/b (Video Editor: Highlight the purple portion with the words “dispersed phase channel” and the green portion of figure 4a (to the left of the blown up junction (4b)) with the words “continuous phase channel”. 
7.1.2. Figure 4a/b (Video Editor: Add the blown up Figure 4b and highlight the cone region of the purple dispersed phase in figure 4b)
7.2. The size of droplets is changed by the pressure ratio of dispersed and continuous phases flow. Here, the pressure of the continuous phase is modified to affect the shearing force, so that the droplet breakup processes change from the jetting mode to the tip-streaming mode.[1-LM]
7.2.1. Figure 5 (Video Editor: Highlight the ratios (eg. Pc:PD=1.5) in each image with the first sentence.  With the words “jetting mode” highlight Figure 5a-c and with the words “the tip-streaming mode” highlight Figure 5d-f)
7.3. The droplets are solidified by photo-polymerization forming particles upon exiting the chip. The droplets shown here were formed with different pressure ratios. [1-LM]
7.3.1. Figure 6a-b (Video Editor: Highlight the Pc:Pd ratios with the final sentence.)
7.4. The resulting droplet radius has an inverse relationship with the continuous phase: dispersed phase pressure ratio. [1-LM]
7.4.1. Figure 7a
8. Conclusion (said by authors on camera) 
Editors, please insert conclusion interview statements (as listed in beginning of shot list) here. Videographer: Disregard text written like this. It is only for our video editors.
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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