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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) _____Y____ If yes, please list make and model of your microscope: ____Hitachi KP-D20BU__________________________

B.   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 steps__5.1, 4.1-4.3________________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ___Control of temperature and process time during anneal, for this we will use high performance RTA system___________________________
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Conceptual Narrative:
The overall goal of the following experiment is to __ demonstrate shallow doping of silicon wafers and nanowires by using the monolayer contact doping method____. (Intro)
This is achieved by reacting a donor substrate with a precursor solution for the formation of a self assembled monolayer. The monolayer contains potential dopant atoms, and serves as a well defined and limited dopant source__. (P1)
As a second step, the donor substrate is brought into contact with the target substrate and both are annealed in a rapid thermal anneal system. During the anneal process the monolayer molecules decompose and the dopant atoms are diffused and activated onto both the donor and target substrates

, __ _________ . (P2)  

Next, __the two substrates are separated, and a four point probe setup is used for measuring sheet resistance ________ _________. (P3)
Results show typical decrease in sheet resistance values measured for the target substrates annealed for various anneal times and temperatures __. (P4)
[image: image1.png]e Donor Substrate
Donor Substrate Target Substrate Target Substrate RTA

Donor Substrate Target Substrate

| T I
0 20 40 60 80
Anneal time (sec)




I’ve uploaded two versions of this scheme, the second version may be more suitable if your graphics editor will be able to animate this scheme.
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   
· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Author name _Ori Hazut________: The main advantage of this technique over existing methods, like _ion implantation_________, is that _it enables simple, yet reliable formation of very shallow doping profiles __________.   

1.2. Author name _ _Sharon Waichman______: This method is useful for surface doping of whole wafers as well as nanostructures ___________, it can also be applied to other systems, such as 3D device architectures and more____________.
Protocol (read by voice talent at JoVE):
Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     
2. Surface Cleaning
2.1. Identify the silicon and the silicon with dielectric substrates (TEXT: Substrates are Si and Si/Si3N4/SiO2) that will be used as target and donor.  Prepare to work with piranha solutions.  Acquire enough acidic piranha solution of hydrogen peroxide and sulfuric acid to cover the substrates, here about 120 ml [TEXT on two lines: 1–See manuscript for details of piranha solution preparation. 2–Piranha solutions are dangerous.  Only qualified personnel should prepare them.] Use extreme caution while working with the piranha solution.   Place the substrates in an appropriate holder.  Insert the holder into the piranha solution for 15 minutes.
2.1.1. WIDE: Talent arriving and placing substrates on bench, then putting on/adjusting/checking safety equipment

2.1.2. MED: Talent preparing piranha solution 

2.1.3. MED: Talent placing substrates in holders

2.1.4. CU: Holders and substrates being placed into solution
2.2. After 15 minutes, retrieve the holder with the samples and rinse everything in deionized water 3 times.  Next, submerge the holder and substrates in about 140 ml of a base piranha solution of ammonium hydroxide, hydrogen peroxide and deionized water (TEXT: See manuscript for details of preparation).   Put this in an ultrasonic bath at 60ºC for 8 min.(TEXT: Bath at 60ºC for 8 minutes)
2.2.1. MED: Talent removing samples and rinsing three times

2.2.2. MED: Talent placing holders with samples into solution (together with shot 2.2.1)
2.2.3. MED: Talent placing solution with holders in bath
2.3. After the bath, rinse the samples in deionized water 3 times, followed by a rinse in ethanol.  (TEXT: Rinse 3 times in deionized water and once in ethanol)  Then blow dry under a stream of nitrogen.  Dry the samples in an oven at 115ºC for 10 minutes. (TEXT: Oven at 115ºC for 10 minutes)
2.3.1. MED: Talent rinsing holder with samples in water, then ethanol

2.3.2. MED: Talent moving from rinsing to blow drying

2.3.3. WIDE: Talent arriving at oven and putting samples in
3. Monolayer formation
3.1. For monolayer formation, prepare a 1% volume concentration of tetraethyl methylenediphosphonate in mesitylene (TEXT: 1% tetraethyl methylenediphosphonate in mesitylene) in a pressure safe vial.   There should be enough to cover the donor substrates, about 20 ml in this case.  Use tweezers to transfer the donor substrates to the vial and ensure they are covered.  Then, seal the vial.

3.1.1. MED: Talent preparing solution in vial

3.1.2. CU: Solution in vial

3.1.3. CU: Substrates being added to pressure safe vial with solution

3.1.4. CU: Vial being sealed

3.2. Use a mineral oil bath heated to 100ºC to heat the vial for 2 hours. (TEXT: Do not heat the closed vial with solvent close to or above the solvent boiling point)  Then, let the vial cool for 3 minutes. Open the vial and rinse the samples 3 times in mesitylene (TEXT: Rinse 3 times in mesitylene)......and 3 times in dichloromethane (TEXT: Rinse 3 times in dichloromethane) Then, blow dry them under a nitrogen stream.
3.2.1. MED: Talent placing vial in bath, then walking away

3.2.2. MED: Talent removing the vial and placing it so it can cool

3.2.3. MED: Talent opening the vial and rinsing the samples

3.2.4. MED: Talent drying samples and setting aside
4. Nanowire synthesis
4.1. Nanowire synthesis starts with cleaning a microscope glass slide in oxygen plasma for 2 minutes.  Apply a few drops of Poly-L-lysine solution on the slide to fully cover it.  Wait for 5 minutes, then rinse with deionized water and blow dry with nitrogen.

4.1.1. WIDE: Plasma in process, Talent finishing cleaning slide in plasma, then beginning to treat it

4.1.2. CU: Drops of solution falling onto slide and covering it

4.1.3. MED: Talent rinsing and blow drying sample

4.2. Now, apply a few drops of gold colloid solution to the slide to fully cover it.  Wait 2 minutes, rinse with deionized water and blow dry with nitrogen.  Remove organic contaminants by using oxygen plasma for 30 seconds.

4.2.1. CU: Sample being covered with gold colloid solution

4.2.2. 4.1.3 if no continuity problems (Don’t reuse)
4.2.3. MED: Talent moving to plasma cleaning unit and cleaning sample (you can reuse first take of 4.1.1 to show plasma in process)
4.3. Proceed by inserting the glass slide with gold nano-particles into a chemical vapor deposition chamber and evacuating it.  With evacuation complete, pre-equilibrate the chamber at 440ºC and 35 torr with a flow of 50 standard cubic centimeters per second of molecular hydrogen. (TEXT Pre-equilibrate at 440ºC, 35 torr, 50 sccm molecular hydrogen) Then, start the deposition process by flowing 2 standard cubic centimeters per second of silane.  To obtain approximately 50 µm nanowires, perform the deposition for 30 minutes.  Once completed, measure the nanowires via microscopy.

4.3.1. WIDE: Talent moving sample to deposition chamber and starting evacuation

4.3.2. MED over the shoulder: Talent at controls, setting temperature, pressure, and flow rate of hydrogen

4.3.3. MED: Talent at controls, starting deposition

4.3.3 b Talent takes out tray after CVD process and shows slide with nanowires
4.3.4. LAB MEDIA: Images of nanowires
5. Nanowire Drop-casting onto Substrate and Rapid Thermal Anneal
5.1. After measuring the wires, place the slide with the nanowire film in a vial.  Add ethanol to cover the slide by about 1 cm.  Sonicate the vial for 3 seconds, during which the solution should become slightly turbid.  (TEXT: This nanowire solution should be used quickly, before aggregation takes place) Preheat a hot plate to 150º C, then place upon it a silicon nitride/silicon dioxide/silicon substrate.

5.1.1. MED: Talent at bench, placing slide into vial and starting to add ethanol

5.1.2. CU:  With slide in vial, ethanol being added to appropriate level

5.1.3. MED: Talent moving vial to sonicator and sonicating

5.1.4. MED: Talent placing a silicon with dielectric substrate onto hot plate

5.2. Add a few drops of nanowire suspension onto the heated surface.  Once the liquid is dry, check the density of the nanowires on the surface using an optical microscope with dark field filter.  In order to achieve a high yield of single nanowire devices, this drop-cast process should produce surface densities of about 100 nanowires per square millimeter with a minimal nanowire length of about 20 µm. 
5.2.1. CU: Talent adding suspension onto heated surface

5.2.2. MED: Talent taking sample to microscope

5.2.3. LAB MEDIA: Images of nanowires on surface
5.3. To achieve doping, the substrate with nanowires and the donor substrate need to be put in contact.  Place the target substrate in the rapid thermal anneal chamber. Put the donor substrate on the target substrate with the front side facing the target substrate. Start the anneal process; these samples will be subjected to a 6 second ramp time from room temperature to an anneal temperature of 1000ºC held for 40 seconds.

5.3.1. MED: Talent at bench with materials (Skipped), use 5.3.3 instead 
5.3.2. CU: The two substrates being placed face to face.  Have the talent follow the narration (or alter it to match the visual) Talent places target substrate in the RTA chamber, than flips the donor substrate on top of the target substrate 
5.3.3. WIDE: Talent takes samples to chamber, places them inside and closes door Talent goes to RTA machine and opens the chamber
5.3.4. MED: Talent starting process
5.3.5. MED: Talent at controls, monitoring process RTA chamber during process
6. Sheet Resistance Measurements, Nanowire Device Fabrication and Characterization
6.1. Once the monolayer contact doped sample is made, prepare to measure its resistance. Obtain a 1% hydrofluoric acid solution and place the sample in it for 5 minutes to remove the oxide layer.  Rinse with deionized water, then isopropanol, and blow dry with nitrogen.(TEXT: Rinse with water, then isopropanol)  Measure the sheet resistance using a four point probe technique; the typical current applied is 1-10µA
6.1.1. WIDE: Talent arriving a bench with samples

6.1.2. MED: Talent finishing preparation, then placing samples in acid

6.1.3. MED: Talent removing samples, rinsing then drying 

6.1.4. MED: Talent setting up resistance measurement

6.2. Common photolithography techniques are used to produce nanowire devices. (TEXT: See manuscript protocol section 7 for details)  Schematically, start with the sample containing nanowires. Heat the sample, then spin coat it with photoresist.  After setting the resist, use a mask aligner to expose the electrode pattern and develop the samples.

6.2.1. WIDE: Talent doing some recognizable photolithography step (Videographer: Please consult talent) This is done in a clean room environment and could not be done during filming day.
6.2.2. LAB MEDIA: 50770_Yerushalmi_step_7_2A.tif  (Video editor: Sentence 2)

6.2.3. LAB MEDIA: 50770_Yerushalmi_step_7_2B.tif  (Video editor: Sentence 3)

6.2.4. LAB MEDIA: 50770_Yerushalmi_step_7_3.tif    (Video editor: Sentence 4)

6.3. Rinse and dry the samples, then use an e-beam evaporator to evaporate nickel onto the surfaces.  Finally, perform lift-off to reveal the devices.  To locate successfully formed nanowire field effect transistor devices and register their locations, use an optical microscope with dark field filter. 

6.3.1. LAB MEDIA: 50770_Yerushalmi_step_7_4A.tif  (Video editor: Sentence 1)

6.3.2. LAB MEDIA: 50770_Yerushalmi_step_7_4B.tif (Video editor: Sentence 2)

6.3.3. LAB MEDIA: Optical microscope images of FET (Authors: If you want to use SEM images, make appropriate change to script)
6.4. A semiconductor device analyzer and probe station setup is used to measure the I-V curves for the selected devices.  Connect a conductive stage to the analyzer as the gate terminal, then place the sample on it.

6.4.1. WIDE: Talent arriving at probe station and starting to prepare for experiment

6.4.2. CU: Talent attaching/adjusting/indicating conductive stage

6.4.3. CU: Sample being placed on stage
6.5. Connect the probe needles as source and drain terminals to the analyzer.  Then use the microscope camera of the probe station to bring the probe needles near the device and gently touch the electrodes with the needles. Proceed with measurements. 

6.5.1. MED: Talent making connections of probe needles (please use approaching needles at the end of shot 6.4.3)
6.5.2. SCREEN: Camera output as probe needles are put in place
6.5.3. MED: Talent working at analyzer
7. Results: Sheet Resistance Measurements and Nanowire FET I-V Curves using Monolayer Contact Doped Materials 
7.1. Treating intrinsic silicon wafers with phosphorous monolayer contact doping results in a monotonic decrease in the sheet resistance values as a function of anneal times.  Longer anneal times lead to higher doping levels, as do higher anneal temperatures.   Lower sheet resistance values are correlated with activated dopant concentration, with lower sheet resistance indicating higher doping levels.  Further increase in the anneal time will not result in further decrease of the sheet resistance since the dopant dose is limited.

7.1.1. LAB MEDIA: Figure_1.tif  (Video editor: If possible, show only the red curve initially.  Add the remaining curves on “as do higher anneal temperatures.”)

7.2. This diagram shows I-V curves of nanowire field effect transistors.  The black curve is for an intrinsic device.  Compare this to the blue curve for the moderately doped monolayer contact doped FET in blue.  It was annealed at 900ºC for 30 seconds.  The red curve is for a highly doped device annealed at 1005ºC for 10 seconds. 

7.2.1. LAB MEDIA: 50770_Yerushalmi_figure_2b.tif (Video editor: Please highlight each curve when referred to (black, blue, red).)
INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj
8. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
8.1. Author name _ _Sharon Waichman______: Following this procedure, other methods like __time of flight secondary ion mass spectroscopy___________ can be performed in order to further characterize properties like _doping concentration profiles____________.

8.2. Author name _Ori Hazut________: After watching this video, you should have a good understanding of how to use the monolayer contact doping procedure for making ultra shallow doping profiles on wafers and nanowires.
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, 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, as well as an introduction to your videographer, closer to your filming date.
 2012, Journal of Visualized Experiments


