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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N_______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)______Y__ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. 5.10, 5.12, 5.15, 5.17 and 5.18
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 to be filmed by their protocol numbers. (Please do not list an entire section.) Using the illumination source to activate the surface passivation. The measurement must be taken directly after the illumination source is switched off.  5.15 and 5.18
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations? In the same lab area about 10 meters apart.
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this procedure is to use a room temperature surface passivation method in order to inhibit surface recombination such that bulk silicon defects can be accurately characterized.
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Nicholas: This method can help us understand what defects will limit the lifetime of  high purity silicon wafers, which are required for very high efficiency solar cells.
1.2. Nicholas: The main advantage of this technique is that it can be performed at room temperature, meaning the recombination activity of bulk silicon defects will not change during the measurement.   
1.3. Nicholas: The implications of this technique extend toward measuring the recombination activity of bulk silicon defects that exist in low concentrations, which otherwise would be very difficult to measure by other techniques.
1.4. Nicholas: Generally, individuals new to this method will struggle because the requirement for high purity DI water and chemical cleaning procedures is not initially understood, thus it’s imperative the procedure is followed step by step.
Protocol (read by voice talent at JoVE):

2. Cleaning and Etching the Silicon Wafers
2.1. Solution preparation, including vital notes on hydrofluoric acid preparation, [2.1.1-WID] as well as general setup and equipment calibration instructions [2.1.2-MED]  are all provided in the text protocol.  [2.1.3-MED]
Video editor: add a slide of text or take shots from other segments
2.1.1. Preparing hydrofluoric acid at hood, quintessential step

2.1.2. Any general setup activity

2.1.3. Calibrating an piece of equipment for the procedure

2.2. With those objectives achieved, proceed with cleaning the silicon wafers using chemical treatments. [MED]

2.2.1. Unpacking samples, cradle and so forth

2.3. Begin with loading the samples into a quartz cradle. [CU]
2.3.1. Film as written
2.4. Then, transfer the cradle into a hydrofluoric acid bath, meant for general use. [MED]
2.4.1. Film as written

2.5. After about 10 seconds, the samples will be hydrophobic.  Remove them from the bath [2.5.1-CU] and rinse them off by passing them through three deionized water baths. [2.5.2-MED]
2.5.1. Samples in HF bath, then being removed

2.5.2. Samples being rinsed in water baths
2.6. Next, in a fume hood, slowly immerse the cradle in the SC1 solution which has been maintained at a temperature of 75 ºC. [2.6.1-MED]
2.6.1. Transferring samples to 75 ºC solution bath

2.7. Let the treatment go for 10 minutes [2.7.1-ECU], and, meanwhile, fill three chemically-cleaned 2-Liter beakers with deionized water. [2.7.2- MED/TEXT]
2.7.1. Samples in the HF bath SC1 solution, show in detail

2.7.2. Film as written, TEXT: See the text protocol for details on chemically cleaning glassware.

2.8. After the SC1-treatment, rinse the samples off by passing them through the three water baths.  [MED]
2.8.1. Film as written, similar to 2.5.2

2.9. Next, dip the samples into a dedicated hydrofluoric acid bath for about 10 seconds. [MED]
2.9.1. This is a different HF bath from 2.5.1, film as written

2.10. Then, rinse the samples off using three fresh de-ionized water baths. [MED]
2.10.1. Transferring from HF bath to first water bath, other two water bath are lined up ready

2.11. Now, move the samples to the fume hood where the SC2 solution was prepared and heated to a stable 75 ºC. [2.11.1-WIDFOL]  Immerse the samples in the SC2 solution for 10 minutes. [2.11.2-MED]
2.11.1. Film as written

2.11.2. Film as written, plus starting a timer to time the bath

2.12. After the SC2 treatment, rinse off the samples using the three deionized water baths. [MED]

2.12.1. samples moving through water bath one and two

2.13. If needed, let the samples stay in the last water bath overnight. [CU]
2.13.1. Samples going into the last water bath

2.14. After the rinse, dip the samples in another dedicated hydrofluoric acid bath for 10 seconds.  [MED]

2.14.1. Moving samples from water to HF bath, a different HF from other two, waiting 10 seconds and then lifting them out and into a water bath
2.15. Again, rinse the samples by passing them through three fresh deionized water baths. [CU]
2.15.1. Moving out of water bath one to two, then to three – different angle, low and long
2.16. Now, take the samples to the fume hood where the TMAH solution is stably heated [2.16.1-WIDFOL] to about 85 ºC and slowly immerse the samples into the TMAH solution to etch the wafers. [2.16.2-MED] Let them react for five minutes to remove about five microns of silicon. [2.16.3-ECU]
2.16.1. Film as written

2.16.2. Putting samples in TMAH bath

2.16.3. Samples in the TMAH, etching, film for full duration of bath

Video editor: you can split up or speed up the footage to show any subtle changes that can be seen over the 2.16.3 shot
2.17. Next, rinse off the tacky TMAH solution using at least three deionized water baths.  [2.17.1-MED] The same rinse beakers can be re-employed here.  [2.17.2-CU]

2.17.1. Moving from TMAH bath to water bath 1 – get creative with the shot angle

2.17.2. Moving from water bath 1 to 2 – another novel angle

2.18. Once rinsed, proceed with taking measurements within two hours. [WID]
2.18.1. General measurement taking activities

3. Silicon Wafer Passivation and Photoconductive (PC) Measurement
3.1. This process is conducted under a fume hood.  In preparation, fill two 2-Liter plastic beakers with deionized water. [WID]

3.1.1. Film as written

3.2. Also prepare some plastic tweezers in the hood to handle the samples. [MED]
3.2.1. In hood, setting up tools to use

3.3. On the computer, [3.3.2-MED] open the lifetime tester file which contains the correct calibration coefficients for the hydrofluoric acid measurement setup.  Select ‘Transient’ from the mode options and enter a description of the wafer’s variables. [3.3.2-LM]
3.3.1. Talent gets seated at computer, establishing shot

3.3.2. To be provided by authors, SCREEN CAPTURE of action(s) described above
3.4. Now, carefully secure the lid [3.4.1-CU] on the hydrofluoric acid container and move it onto the lifetime tester stage, [3.4.2-MED] centered over the blue circle, which represents the position of the inductive coil. Let the solution settle for about a minute before proceeding. [3.4.3-CU]
3.4.1. Carefully gripping the HF bath

3.4.2. Lifting the HF bath and placing it on the tester stage

3.4.3. Position the HF bath on tester stage

3.5. Then, on the computer, click the ‘Zero instrument’ button, to measure the voltage of the solution. [LM]
3.5.1. To be provided by authors, SCREEN CAPTURE of action(s) described above
3.6. After taking the measurement, carefully return the hydrofluoric acid container to the fume hood bench.  [WIDFOL]

3.6.1. Film as written

3.7. There, remove the lid and rinse off any condensation on the lid with DI water from the fume hood’s water tap. [CU]
3.7.1. Film as written

3.8. Now, using tweezers, transfer one wafer into the hydrofluoric acid bath. [CU]

3.8.1. Setting sample into the bath is the priority of this shot, picking it up and moving would be good too

3.9. Lightly press the wafer down to the bottom of the bath. [ECU]
3.9.1. Film as  written, try and show wafer moving down into container

3.10. Then, replace the lid and carefully carry the container back to the lifetime tester stage. [3.10.1-WIDFOL] Center the wafer over the inductive coil. [3.10.2-CU]
3.10.1. Film as written

3.10.2. Adjusting position of sample bath to be centered in the circle

3.11. Before taking a measurement, make sure the fume hood lights are switched off.  [WID]

3.11.1. Turning off the fume hood light, there should be other lights that still need to be turned off too, so the next shot makes sense
3.12. Generally, ambient lighting should be kept to a minimum while taking measurements. [WID]

3.12.1. Talent moving around lab lowering window shades and turning off overhead lights that aren’t needed

3.13. Now, switch on the halogen lamp to illuminate the silicon wafer [3.13.2-MED] and keep it on for about a minute. [3.13.1-CU]
3.13.1. Turning on lamp

3.13.2. Zoom into the illuminated wafer

3.14. During the illumination period, in the software, click the ‘Measure’ button.  The software will then begin taking data.  Fill in the prompt with a file name and set the ‘sample averaging’ option to ten. [LM]
3.14.1. To be provided by authors, SCREEN CAPTURE of action(s) described above
3.15. After about a minute of illumination, switch the lamp off and immediately click the ‘Average’ button on the ‘Taking data’ window.  The software will perform ten measurements.  Then, click ‘OK’. [LM]
3.15.1. To be provided by authors, SCREEN CAPTURE of action(s) described above
3.16. Now, carefully return the container to the fume hood bench, [3.16.1-WIDFOL] cautiously remove the lid and carefully remove the wafer.  [3.16.2-CU]
3.16.1. Carrying sample Move the container back to the fume hood bench
3.16.2. Opening container and removing wafer

3.17. Rinse the tested wafer off in the dedicated rinse beakers, [3.17.1-CU] followed by a final rinse using the DI water tap in the fume hood. [3.17.2-MED] Then, store the tested wafer and repeat the process for each silicon wafer to be measured. [3.17.3-MED]
3.17.1. Placing wafer in rinse beaker

3.17.2. Removing wafer from rinse beaker and rinsing with water from tap

3.17.3. Drying (?) and placing wafer into storage box or Petri dish
3.18. After the experiment, follow the cleanup instructions provided in the text protocol. [WID]
3.18.1. General cleaning up activities
4. Results: Silicon Wafer Photoconductive Measurement After Surface Passivation
4.1. Following the described protocol whereby silicon wafers were treated, etched, immersed in hydrofluoric acid and measured using the photoconductance tool, a lifetime curve which is limited by surface recombination results, as seen by the blue triangles.
4.1.1. Fig 2
4.2. When the silicon wafer immersed in the hydrofluoric acid bath is illuminated by a halogen lamp for one minute, and then a photoconductance measurement is performed directly after illumination, a significant increase in the lifetime will occur as seen by the red circles. This increase in lifetime is due to a reduction in surface recombination
4.2.1. Fig 2 without blue circles [with blue and red symbols otherwise the increase in lifetime is not obvious for the viewer].
4.3. The surface passivation began to degrade within seconds of turning off the halogen lamp.  The blue circles show the consequence of waiting for one minute post illumination.

4.3.1. Fig 3 with blue circles
Authors, note we need two versions of Fig 3, with and without the blue circle data.

5. Conclusion
5.1. Nicholas: After watching this video, you should have a good understanding of how to measure the bulk lifetime of silicon wafers using a hydrofluoric acid bath - specifically how to treat the wafers before the measurement, how to activate the surface passivation by using a light source, and how to measure the lifetime immediately after illumination.  

5.2. Nicholas: Once mastered, this technique can be performed in two to three minutes per wafer, however it will take an hour to prepare the wafers for the measurement, and thus it’s time efficient to measure batches of wafers.
5.3. Nicholas: While attempting this procedure, it’s important to remember that the silicon wafers must be kept clean in order to consistently achieve very good surface passivation and thus be able to detect and characterize bulk defects.
5.4. Nicholas: Don't forget that working with hydrofluoric acid can be extremely hazardous and precautions such as wearing personal protection equipment and following the procedure step by step should always be taken while performing this technique.
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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