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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
B.   Software Usage: 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? 3.2, 3.3, 4.2, 5.2
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  4.2
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. Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Y.-C. Tung: This method can help provide key fabrication techniques in the microfluidics field, such as for the manufacturing of channels with different geometric cross sections in a polydimethylsiloxane-polycarbonate microfluidic device.
1.2. C.-K. Wang: The main advantage of this technique is that the microfluidic channels can be fabricated through a one-step approach by sequential wet etching processes without tedious procedures and extensive alignment.
B. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. W.-H. Liao: The implications of this technique extend toward development of complex microfluidic systems, because fabrication processes for channels with non-rectangular sections or various heights can be significantly simplified using this method. 
1.4. H.-M. Wu: Though this method can provide insight into microfluidic device fabrication, it can also be applied to other desired microenvironment conditions, such as flux distribution or mixture of substances in channels.
C. Introduction of Demonstrator: N/A
D. Ethics title card: N/A
Protocol: (read by voice talent at JoVE) 
2. Fabrication of Polydimethylsiloxane (PDMS) Channel Layouts
2.1. Begin the procedure with a prepared master mold. [1-WIDE] In this case, the negative mold created with photo-resist is on a 4-inch silicon wafer. [2-CU-TXT] Here is a computer-aided design image of the inverted topology for the channel layouts. [3-LM]
2.1.1. Talent at bench, getting/inspecting the prepared mold 
2.1.2. The mold shown in a manner consistent with 2.1.1 [TEXT: See text protocol for details.]
2.1.3. LAB MEDIA: 57868_CKWang_Figure1.tif
2.2. Proceed by combining PDMS and its catalyst in a clean plastic cup and mixing it in a power stirrer. [1-MED-TXT] When the mixture is homogeneous, put the cup in a desiccator connected to a vacuum pump for 60 minutes. [2-MED] After retrieving the PDMS mixture, take it to the master mold. [3-MED] Pour 20 grams of the mixture on top of the mold. Try not to introduce any bubbles. [4-CU] 
2.2.1. Talent completing mixing the components in a cup, then moving the cup to a stirrer and starting stirring action [TEXT: At least 50 g, with PDMS:catalyst 10:1 by volume]
2.2.2. Talent moving cup from stirrer to desiccator 
2.2.3. Talent with mixture, getting into position to work with mold
2.2.4. The mold alone, then as mixture is poured onto it. Also capture several seconds of the mold after the pouring is over 
2.3. Next, obtain a petri dish and pour 30 grams of the PDMS mixture into it. [1-MED] Place the covered mold and the petri dish in a desiccator to eliminate bubbles. [2-MED-TXT] After 60 minutes, transfer the covered mold and the petri dish to a 60 ºC oven to cure for 4 hours. [3-WIDE-TXT]
2.3.1. Talent getting a petri dish and pouring mixture into it
2.3.2. Talent placing both the covered mold and the petri dish in the desiccator [TEXT: 60 minutes]
2.3.3. Talent transferring mold and dish to the oven, then closing oven door and, possibly working with oven controls [TEXT: 60 ºC, 4 h]
2.4. Following the curing step, allow the PDMS to cool to room temperature. [1-MED] Then, use a scalpel and tweezers to detach the cured PDMS from the mold. [2-CU] Continue to tailor the PDMS layer with the scalpel so that it covers the channel layout. [3-MED] Use a biopsy punch to open the channel access ports. [4-CU]
2.4.1. Talent placing wafer and petri dish onto bench
2.4.2. The PDMS as it is being detached from the wafer with scalpel and tweezers
2.4.3. Talent continuing to work on the PDMS layer
2.4.4. The PDMS layer after it has been tailored and had its access ports opened
2.5. Now, work with the PDMS in the petri dish. [1-CU] Use a scalpel and tweezers to remove it from the dish. [2-MED] Then, cut the PDMS layer to the same dimensions as the molded layer. [3-CU]
2.5.1. The petri dish with cured PDMS
2.5.2. Talent removing the PDMS from the petri dish 
2.5.3. The featureless PDMS layer and the molded PDMS layer to demonstrate their similar dimensions
2.6. Take the PDMS layers to a surface treatment machine. [1-WIDE] Orient the layers to expose the designed channels of one PDMS layer and the featureless surface of the other. [2-CU] Expose the layers to oxygen plasma for 40 seconds. [3-MED-TXT] 
2.6.1. Talent arriving at treatment machine 
2.6.2. The layers side-by-side to demonstrate the features/featurelessness of the sides that will be exposed
2.6.3. Talent putting the layers into the treatment machine  [TEXT: 90 W, 40 s]
2.7. When done, the two surfaces have to be bonded. [1-MED] Bond the two layers by placing their treated surfaces in contact. [2-CU] Then, place the bonded PDMS layers in a 60 ºC oven for at least 30 minutes. [3-WIDE-TXT] 
2.7.1. Talent with the two PDMS layers at a bench
2.7.2. The two layers as they are put in contact with one another. Ideally, the viewer would be able to see that the designed side of the layer is placed in contact with the featureless layer
2.7.3. Talent placing bonded sample in the oven [TEXT: 60 ºC, 30 min]
3. Experimental Characterization of PDMS Wet Etching
3.1. Prepare a microfluidic device to characterize PDMS wet etching. [1-WIDE] Use a simple design with a single layer and a straight, rectangular channel. [2-CU] In this device, there is one waste outlet and one inlet. [3-LM] Note that the top and bottom PDMS layers are depicted as separated in this image. [4-LM] Set the device up so that it can be observed and photographed with a microscope. [5-MED]
3.1.1. Talent at bench with test device. Microscope and syringe pump might be in view 
3.1.2. Detail of test device with single channel
3.1.3. LAB MEDIA: 57868_CKWang_Figure2.tif (Video editor: Please label one of the black circles “Waste outlet” and the other “Inlet” during this and the next shot) 
3.1.4. LAB MEDIA: 57868_CKWang_Figure2.tif (Video editor: Please call attention to the two levels depicted. Label the top layer (with the labeled circles) “Top PDMS Layer” and the other layer “Bottom PDMS Layer”.)
3.1.5. Talent setting up the device on a microscope stage
3.2. (Voice talent: Please spell out all occurrences of “TBAF” and “NMP”) For the etchant solution, use TBAF in NMP in a volume to volume ratio of 1 to 10. [1-WIDE-TXT] Draw the etchant into a 10 milliliter syringe with a stainless steel, blunt needle. [2-MED] Put the syringe on a syringe pump near the microscope.  [3-MED] Then connect it to the inlet of the device. [4-CU] Guide the output from the outlet to a waste container. [5-CU]
3.2.1. Talent working with container of etchant [TEXT: TBAF – tetra-n-butylammonium fluoride (1 M solution in tetrahydrofuran); NMP – 1-methyl-2-pyrrolidinone]
3.2.2. Talent drawing etchant into syringe 
3.2.3. Talent (hands) completing placement of syringe on syringe pump
3.2.4. The device under the microscope with its inlet port properly connected
3.2.5. The device under the microscope with its inlet and outlet ports connected. Ideally, the waste container would be in view
3.3. Run the syringe pump with the etchant at a 150 microliter per minute flow rate. [1-MED-TXT] Use bright field microscope views to make sure the etched channel along the flow direction has uniform width, and to help confirm the flow rate and etchant composition. Capture time-series images of the channel cross-section with 4-times magnification during the etching process for analysis.[2-LM]
3.3.1. Talent working with the syringe pump [TEXT: flow rate: 150 µL/min]
3.3.2. LAB MEDIA: 57868_CKWang_Video1.mp4 (Video editor: The speed can be altered)
4. PDMS Sequential Wet Etching for Microfluidic Channels of a Cross-shaped Cross-section
4.1. Set up a microscope to view and photograph a microfluidic device. [1-WIDE] In this case, design the device so that etchant and buffer inlets flow into different regions. [2-CU] Here is a schematic of the inlets and channels of the device from above and in cross-section [3-LM] Over time, the different action of the etchant versus the buffer will create a new cross-section, demonstrated in this schematic of the final cross-section and top-view photograph. [4-LM] Place the device on the microscope stage. [5-CU]
4.1.1. Talent at microscope 
4.1.2. Detail of the top of the device to be used
4.1.3. LAB MEDIA: 57868_CKWang_Figure3a1.tif,  57868_CKWang_Figure3a2.tif (Video editor: Note that the file 57868_CKWang_Figure3a_V03.cdr has Corel Draw versions of the images in this and the next shot)
4.1.4. LAB MEDIA: 57868_CKWang_Figure3a3.tif, 57868_CKWang_Figure3a4.tif (Video editor: If possible, please suggest that the cross-section seen in “Figure3a3.tif” evolves from the one in “Figure3a2.tif”)
4.1.5. The microscope stage with the device in place 
4.2. Prepare an etchant solution of TBAF in NMP, and an NMP buffer solution. [1-MED-TXT] Fill two 10 milliliter syringes with buffer solution and one with etchant. [2-CU]  Put the syringes in position on a syringe pump near the device. [3-MED] Make the appropriate connections for the device, including those for waste removal. [4-CU]
4.2.1. Talent preparing solutions [TEXT: Etchant: (1 M TBAF in THF):NMP, 1:10 (v:v); Buffer: NMP]
4.2.2. Filled syringes, clearly labeled to convey that two one syringe have has etchant and one two have buffer
4.2.3. Talent putting syringes in the syringe pump
4.2.4. Detail of device with all connections to pump and waste reservoir made
4.3. Run the syringe pump with the etchant at a 50 microliter per minute flow rate. [1-MED-TXT] In this video, the initial channel geometry is revealed with red dye. Over time, the etchant causes the channel wall thickness to vary. Time the wet etching process to ensure the process yields the proper channel geometry. [2-LM] 
4.3.1. Talent starting/working with syringe pump [TEXT: flow rate: 50 µL/min]
4.3.2. LAB MEDIA: 57868_CKWang_Video2.mp4 (Video editor: The speed can be altered)
5. Fabrication and Characterization of a Microfluidic Mixer with Different Channel Sections
5.1. Prepare the microscope with the syringe pump nearby. [1-WIDE] This is the design used to create PDMS channels for a microfluidic mixer with different sections. [2-LM] It has alternating, mirrored, cross-sectional geometry that would be difficult to achieve with standard processes.  [3-LM] 
5.1.1. Talent checking/setting up microscope and/or syringe pump
5.1.2. LAB MEDIA: 57868_CKWang_Figure4_textFig4a1.tif
5.1.3. LAB MEDIA: 57868_CKWang_Figure4_textFig4a1.tif, 57868_CKWang _Figure4 _textFig4a2.tif (Video editor: Please add “textFig4a2.tif” to the image in shot 5.1.2 to convey it is a magnification of a region. Choose any region that matches the pattern. One choice would be where the alternating pattern begins toward the top of “text4a1.tif”
5.2. Set up the device on the microscope and connect it with the syringe pump. [1-CU] Introduce the TBAF/NMP etchant solution at the port marked “outlet”. [2-LM-TXT] Observe the microfluidic channel as the chamber evolves over time, as in these top view photos recorded over 2 hours. Time the wet etching process to ensure the proper channel geometries. [3-LM]
5.2.1. The connected device on the microscope stage 
5.2.2. LAB MEDIA: 57868_CKWang_Figure4_textFig4a1.tif [TEXT: Etchant rate: 20 µL/min] (Video editor: Please label the pair of dots at the top of the diagram “Inlet” and the dot at the bottom “Outlet”. Call attention to the “Outlet” symbol during this sentence.)
5.2.3. LAB MEDIA: 57868_CKWang_Figure5_textFig5b_0.00h.tif and all images with the same filename except with “0.00” replaced by other numbers. (Video editor: Please add the images in sequence based on the number in the filename, starting with “0.00”. Go left to right, adding a second row if necessary.) 
5.3. When done, characterize the device. [1-MED] Prepare a syringe with distilled water, and another with fluorescein sodium salt solution to place in the syringe pump. [2-CU-TXT] Place the microfluidic device on the microscope and connect each syringe  to an inlet with a 20 microliter per minute flow rate. Draw waste from the outlet. [3-MED][4-LM-TXT]
5.3.1. Talent preparing syringes
5.3.2. Filled, labeled syringes as held by talent  [TEXT: Fluorescein solution: 50 µg/mL concentration]
5.3.3. Talent connecting syringes on syringe pump to the device (Video editor: Possibly show this and the next shot together. If that doesn’t work, opt for shot 5.3.4. In either case, please display the TEXT provided in 5.3.4)
5.3.4. LAB MEDIA: 57868_CKWang_Figure4_textFig4a1.tif [TEXT: flow rate: 20 µL/min](Video editor: Please call attention to the inlets at the top of the image during “...connect each syringe to an inlet...”. During “Draw waste from the outlet”, call attention to the outlet at the bottom of the image.)
5.4. Take fluorescence microscope images of the channel from above at predetermined positions. [1-LM] For comparison, record images under the same circumstances with an unetched version of the microfluidic device. [2-LM]
5.4.1. LAB MEDIA: 57868_CKWang_Figure6_textFig6aX.tif where “X” is 6, 7, 8, and 9. (Video editor: Please arrange these in order (6–9) vertically, or horizontally after rotating them 90º counterclockwise.
5.4.2. LAB MEDIA: continued, add 57868_CKWang_Figure6_textFig6aX.tif where “X” is 2, 3, 4, and 5. (Video editor: Please add these in order (2–5) parallel to the images in 5.4.1. The goal in this shot is to produce something like 57868fig6large.jpg with the columns switched)
6. Results: Fabrication of Microfluidic Channels with Different Geometric Sections
6.1. It is possible to fabricate microfluidic channels with various geometric cross-sections with sequential wet etching. [1-LM] This panel summarizes the arrangement of etchant inlets in single layer PDMS channels to produce the cross-shaped cross section demonstrated in this video. [2-LM] Note the etchant goes into the central channel and the buffer into the side channels. [3-LM]
6.1.1. LAB MEDIA: 57858_CKWang_Figure7.tif
6.1.2. LAB MEDIA: 57858_CKWang_Figure7.tif (Video editor: Please highlight the images in the leftmost column)
6.1.3. LAB MEDIA: continued (Video editor: Please call attention to the “Etchant” label in the upper image of the leftmost column during “etchant goes...central channel” and the “Buffer” labels during “buffer...channels”.)
6.2. The same arrangement of channels, along with switching the channels that carry etchant and buffer, produces a dumbbell-shaped cross-section. [1-LM] A different channel arrangement, similar to the microfluidic mixer, produces a bell-shaped cross-section using only etchant. [2-LM]
6.2.1. LAB MEDIA: 57858_CKWang_Figure7.tif (Video editor: Please highlight the images in the center column. During “along with switching the use of etchant and buffer”, call attention to the labels “Etchant” and “Buffer” in the top image of the central column.)
6.2.2. LAB MEDIA: 57858_CKWang_Figure7.tif (Video editor: Please highlight the images in the rightmost column)
7. Conclusion (said by authors on camera)
7.1. Wei-Hao Liao: While attempting this procedure, it’s important to remember to well connect needle blunts with the inlets of devices to avoid etchant leakage and further induce PDMS collapse at the inlets. (Video editor: Shots 3.2.4, 4.2.4, 5.3.3 might be illustrative)
7.2. Chien-Kai Wang: After watching this video, you should have a good understanding of how to perform a single-step approach to successfully fabricate PDMS microfluidic devices with different geometric cross-sectional channels via sequential wet etching processes.   
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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