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1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? NO
2. Does your protocol include software usage? NO
3. Which steps from the protocol section below are the most important for viewers to see? 
Steps 2.4, 3.4, 3.5, 3.6, 3.7, 3.9
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
Steps 3.4, 3.5
5. Will the filming need to take place in multiple locations? YES
If yes, how far apart are the locations? It takes about 5 minutes.


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

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


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

1.1. Dongwon Yun: Impact print-type hot embossing technology can make dot patterns that can change the pattern width and depth in real-time on various types of polymer film using an impact header. [1].

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

1.2. Dongwon Yun: Compared to the existing hot embossing technology, the cost of replacing the pattern shape is significantly lower, and an arbitrary embossing shape can be made in real time [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.

Authors: Note, option statements can have only one additional statement per author.  


1.3. Myeongjin Kim: Our technology can be applied to the biodevices field, and these devices can help to check the physical condition or disease by reading the biosignals of the user [1]. 

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

1.4. Jaewon Ahn: If the Z-stage height is too low, the impact header can tear the polymer film, or the impact head may wear down. Therefore, finding a proper Z-stage height from repetitive experiments is important [1]. 

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






Section - Protocol
2. Impact print-type hot embossing process
2.1. Begin by making model 1 and combine it with an X-stage [1]. 
2.1.1. Talent picks up model 1 and combines it with an X-stage.
2.2. Combine the X-stage and Z-stage [1] and assemble the Z-stage and Model 2 [2].
2.2.1. Talent combines an X-stage and Z-stage
2.2.2. Talent assemble the Z-stage and Model 2.
2.3. Next, combine Model 2 and the impact header [1], and place the heat plate below Model 1 [2].
2.3.1. Talent combines Model 2 and the impact header.
2.3.2. Talent places the heat plate below Model 1.
2.4. Install two film holders onto the end of the heat plate [1] and fix the polymer film onto the film holder [2].
2.4.1. Talent installs one film holder onto the end of the heat plate as an example. 
Note to videographer: Authors consider this step to be important. 
2.4.2. Talent fixes the polymer film onto the film holder.
Note to videographer: Authors consider this step to be important.
2.5. Then, to ensure that the polymer film is flat on the heat plate, pull the polymer film as much as possible using motion 1 of the film holder [1].  Alternatively, to move the polymer film to the side, move the film holder via motion 2 [2].
2.5.1. Talent pulls the polymer film as much as possible using motion 1 of the film holder.
2.5.2. Talent move the film holder via motion 2.
2.6. Finally, connect the control device that sends the signals to the impact header to control it [1], and input -3 V and +10 V as control signals into the impact header [2].
2.6.1. Talent connect the control device to the control PC. 
2.6.2. CU: Talent inputs -3 V and +10 V as control signals into the impact header.


3. Experimental Design
3.1. Begin by installing a stage-control program on the control PC to control the X-stage and Z-stage [1].
3.1.1. MED-over shoulder: Talent sitting at the computer. Opens the stage-control program on desktop. 
3.2. Install DAQ (pronounced d-a-q) driver software to detect the control device on the control PC that controls the impact header and install an operating program to control the control device [1].
3.2.1. MED-over shoulder: On computer, show installation of driver software if a popup is shown. Otherwise, just show installation of operating program. 
3.3. Next, to conduct the patterning experiment, fix the polymer film onto the film holder  [1] and adjust the position of the polymer film using motions 1 and 2 to fix the film flatly [2].
3.3.1. [bookmark: _GoBack]Talent puts the polymer film onto the film holder. Reuse 2.4.2.
3.3.2. Talent makes the polymer film flat, using motions 1 and 2. 
3.4. After fixing the polymer film, adjust the temperature of the heat plate to heat the film above the glass transition temperature [1].
3.4.1. CU: Talent adjust the temperature of the heat plate by turning the knob. 
Note to videographer: Authors consider this step to be important and difficult. 
3.5. Then, adjust the initial position of impact header by controlling X and Z stages using the stage control program [1].
3.5.1. MED-over shoulder: Talent at computer adjusts the position of the impact header. 
Note to videographer: Authors consider this step to be important and difficult. 
3.6. Use the operating program to generate a 5 V control signal from the control device. Once the OP-AMP (pronounce o-p amp) amplifies the 5 V control signal to greater than 10 V, turn the impact header on, and engrave the patterns on the polymer film [1].
3.6.1. Talent turns the impact header on. Show the film being engraved. 
Note to videographer: Authors consider this step to be important.
3.7. Then, generate a 0 V control signal from the control device using the operating program. Once the OP-AMP amplifies the 0 V control signal to -3 V, turn the impact header off [1]. 
3.7.1. Talent turns the impact header off.
Note to videographer: Authors consider this step to be important.
3.8. Move the X-stage into position to engrave the next pattern [1]. Lower the Z-stage 10 μm from the initial position and engrave patterns 3x on the polymer film, counting the number of Z-stage moves [2-TXT]. When the number of Z-stage movements exceeds three, move the X-stage to the initial position and raise the impact header maximally by moving the Z-stage [3].  
3.8.1. Talent moves the X-stage into position.
3.8.2. Show the film being engraved. 
TEXT: Engrave 3x
3.8.3. Talent moves the X-stage to the initial position and raises the impact header maximally by moving the Z-stage.
3.9. Finally, detach the polymer film from the film holder [1] and measure the width and depth of each dot pattern using a confocal microscope in laser scanning mode [2-TXT].
3.9.1. Talent removes the film from the film holder. 
3.9.2. Talent place film under microscope and looks into the lens. 
TEXT: Change film and repeat.
Note to videographer: Authors consider this step to be important.





Section – Results
4. Results: Impact Print-Type Hot Embossing Process to Change the Shape of Microscale Pattern in Real-Time using Position Control System on Various Types of Polymer Film. 
4.1. In this study, a dot pattern was created on the three polymer films, and a confocal microscope was used to observe the pattern [1].
4.1.1. LAB MEDIA: Figure 5. Video editor: Highlight the text, PET, PMMA, and PVC one at a time. 
4.2. Nine points were used in the dot pattern, and the size of the pattern increased from Sample 1 to Sample 3 because the height of the Z-stage moved down by 10 μm [1].
4.2.1. LAB MEDIA: Figure 4B.  Video editor: Draw arrow below image going from S1 to S3.  Zoom closer into the 3 images for S1, S2, and S3. 
4.3. Further, this protocol was able to measure the pattern width and depth of each dot pattern, and the pattern was clearly observable through the 2D image of one dot [1].
4.3.1. LAB MEDIA: Figure 6. Video editor: Highlight the text, PET, PMMA, and PVC one at a time. 
4.4. The errors in the dot patterns for the three types of films are minor, indicating that the impact print-type hot embossing process is suitable for engraving micropatterns onto polymer films in real time [1].

4.4.1. LAB MEDIA: Figure 7. Video editor: Highlight title for each graph, one at a time, when ‘three’ is mentioned in the VO.  Then, highlight the error bars in each of the graphs.


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

5.1. Myeongjin Kim This method is the first proposed method, so it will be a help for beginners to understand the equipment design, specimen preparation, and process procedure by visualization [1]

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

5.2. Jaewon Ahn: In this step, if the film is heated less than the glass transition temperature, the pattern will not engrave well due to the restoration of the film [1].

5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Video editor: Important step is 3.4.

5.3. Junseong Bae: The limitation of the patterning temperature is 350o, and our process can adjust to the line patterning. These advantages can be used in the semiconductor using high-temperatures and ultrafine-channels [1]. 

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

5.4. Donghyun Kim: Our technology can make a pattern using control systems. This protocol helps open the way for research that can make microscale patterns at low cost without chemical process [1]. 

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

5.5. Jinhyeok Song: There is no risk of chemical materials, however, during the experiment, the user has to use protective equipment to avoid burns since the heat plate is heated to high temperatures [1].

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