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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_____ 
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 using the step numbers listed in this document. 4.2–4.4 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document. Steps 2.11–2.13 and Section 3 have the highest technological demand in terms of tools and equipment.
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations? Multiple labs within the same building
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:
The overall goal of the following experiment is to fabricate silicon-based metal-oxide-semiconductor quantum dots and to operate them as single-electron pumps. (Intro)
This is achieved by fabricating silicon nano-transistors with a multi-layer gate technique which allows one to electrostatically control individual electrons confined within quantum dots, and manipulate their transfer rate. (P1)
As a second step, the fabricated devices are tested at liquid helium temperature to check their structural integrity. The observation of Coulomb Blockade in the current-voltage characteristics indicates satisfactory device functionalities. (P2)  

The results show that a quantum dot can be operated as a single-electron pump in a millikelvin measurement platform when the transparency of the entrance barrier is driven with an ac signal. This is evidenced by the appearance of signature current plateaux. (P3)
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).   
Video editor: Authors will upload the file.
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Videographer: The statements in red will be provided by the authors.
1.1. Dzurak: Silicon nano and microelectronics are at the heart of the present information age. Remarkably, silicon is also an excellent host material for quantum-based applications, such as quantum computing and quantum electrical metrology. We have developed the underpinning technology to turn conventional transistors into quantum devices.
1.2. Möttönen: We can confine electrons in a tiny region in silicon with the size of only a few tens of nanometers. This is something people call a quantum dot. We use such dot to precisely catch just a single electron from the source lead and push it to the drain lead. Repeating this process extremely fast will be used in future to generate the most accurate electric current in the world.  PROVIDED BY AUTHOR (FILE: SEC_1_2_MM.MTS )
1.3. Rossi: A long-standing goal in electrical metrology is the re-definition of the unit of electric current, the ampere, by linking its value to a true constant of nature, such as the electron charge. The presented techniques explain how to manufacture and operate silicon quantum devices to implement this link.

1.4. Hudson The nano-scale devices used in this work are fabricated using a protocol largely compatible with standard industrial CMOS processes. However, unlike the case of CMOS processing, we employ a metallic gate stack which allows one to spatially confine individual electrons.
1.5. Tanttu: Our protocol demonstrates how to test and operate a quantum dot-based single-electron pump. The key ingredient for its success is the fine control over the electrostatic potential of the dot as well as over the transparency of the tunnel barriers. Multiple RF signals are typically used to drive the transfer of single electrons from and into the dot. PROVIDED BY AUTHOR (FILE: SEC_1_5_TT.MTS )
1.6. Sun: The great advantage of our multi-layer gated devices over alternative  implementations, like metal devices or III-V semiconductors, is that we achieved exquisite control over the electrostatic confinement of the dot. This has been key to suppress errors in the pumping mechanism. 
Protocol (read by voice talent at JoVE):    
Videographer: I've highlighted shots that are to be reused in red. Please consult the authors to avoid any continuity issues. Take multiple shots, if possible.
2. Creation of the Field Oxide Layer, Ohmic Contacts, and the Gate Oxide
[Voice over title: All microfabrication steps take place in an ISO 5 clean room.]

2.1. To create a field oxide layer on a silicon wafer, have an oxidation furnace ready at 900 ºC. [2.1.1-WIDE] Start with a properly cleaned, 2 inch, silicon wafer. [2.1.2-CU-TXT] Place the wafer in the furnace and begin the oxidation steps. [2.1.3-MED] The oxidation steps take approximately one and one quarter hours [2.1.4-TXT] 

2.1.1. Talent at furnace with wafer

2.1.2. Wafer as held by talent near furnace TEXT: See manuscript for details on cleaning.

2.1.3. Talent placing wafer in oven, closing oven 

2.1.4. TEXT ON SCREEN (four lines): dry O2 for 10 minutes; wet O2 for 40 minutes; dry O2  for10 minutes; N2 for 15 minutes

2.2. When done, prepare to deposit a layer of HDMS on the wafer to begin creating the ohmic contacts.  [2.2.1-WIDE-TXT]  To do this, place the wafer on a hotplate at 110 ºC for 1 minute. [2.2.2-MED] Also, pour about 50 mL of HDMS into a glass beaker. [2.2.3-MED] When both are ready, place the wafer and the beaker in a vacuum chamber to deposit a few nanometer thick layer of HDMS on the wafer [2.2.4-MED-TXT]

2.2.1. Talent arriving at bench, preparing for next steps TEXT: HDMS–hexamethyldisilizane

2.2.2. *Film as written

2.2.3. *Film as written

2.2.4. Talent placing materials in chamber and starting evacuation.  This shot will be reused; take multiple shots, if possible TEXT: After evacuation, wait two minutes for deposition.
2.3. After removing the wafer from the vacuum chamber, move it to a spin coater. [2.3.1-WIDE] There spin a 2–4 micrometer layer of photoresist on both the back and front of the wafer. [2.3.2-CU/MED-TXT]

2.3.1. Talent with wafer arriving at the spin coater, ending with sample in place for spin-coating.  This shot will be reused
2.3.2. Spin-coating taking place. This shot will be reused; take multiple shots, if possible  TEXT: Spin coat at 3000–5000 rpm, 25–40 seconds.

2.4. Continue by moving the wafer from the spin coater to a mask aligner. [2.4.1-WIDE] Position the wafer and set up the mask to pattern the contacts. [2.4.2-CU/MED] For this process, use ultraviolet light to transfer this ohmic contact pattern to the wafer. [2.4.3-LM-TXT] After patterning, move the wafer to a hotplate. [2.4.4-WIDE] Bake the wafer at 110 ºC for 1 minute. [2.4.5-CU]

2.4.1. Talent arriving at mask aligner with wafer, starting to place wafer. This shot will be reused 

2.4.1b CU of 2.4.1 and 2.4.2
2.4.2. The wafer in position for exposure or an over the shoulder shot of talent positioning wafer

2.4.3. LAB MEDIA: “ohmic_contact_pattern” (Authors: Please provide the pattern (or representation of the pattern) that is used for this step.  Use the name “ohmic_contact_pattern”)  TEXT: 10 mW/cm2, 4–10 seconds, depending on photoresist thickness

2.4.4. Talent with wafer arriving at bench with hotplate, placing wafer on hotplate

2.4.5. Wafer on hotplate
2.5. After the post-bake, develop the wafer for 1 to 2 minutes and rinse it in deionized water before taking it to a plasma etcher. [2.5.1-WIDE] Perform an oxygen plasma etch for 20 minutes at 340 mTorr with 50 Watt incident power and less than 1 Watt reflected power. [2.5.2-WIDE]

2.5.1. Talent at bench, completing developing and rinsing, then leaving to go to plasma etcher

2.5.2. Talent placing wafer in plasma etcher, closing etcher, and checking/adjusting controls (Video editor: Please transition to suggest the passage of time)

2.6. After the plasma etch, have ready a 15:1 buffered hydrofluoric acid solution at 30 ºC. [2.6.1-WIDE] Etch the oxide for 4 to 5 minutes, assuming an etch rate of 20 nm/min at 30 ºC. [2.6.2-CU] When done, rinse the wafer in deionized water for 5 minutes. [2.6.3-CU] Blow dry the wafer with dry nitrogen before continuing. [2.6.4-MED]

2.6.1. Talent with wafer arriving at bench on which is the acid solution.  This shot will be reused
2.6.2. Wafer being placed in clearly labeled hydrofluoric acid solution (Video editor: Please transition to suggest the passage of time)

2.6.2b showing stopwatch
2.6.3. Wafer being transferred from etch to water

2.6.4. Talent retrieving and drying the wafer

2.7. Next, have ready vessels of acetone and isopropanol.  [2.7.1-MED] Remove the photoresist by immersing the wafer in acetone for 5 minutes. [2.7.2-CU] Follow this by rinsing it in isopropanol for another 5 minutes. [2.7.3-CU-TXT]

2.7.1. Talent putting prepared vessels of acetone and isopropanol into place.  Both should be clearly labeled

2.7.2. Clearly labeled acetone vessel as wafer is immersed.   This shot will be reused; please take both a CU and MED shot, if possible.
2.7.3. Both acetone and isopropanol vessels (labeled) as wafer is transferred from acetone to isopropanol.  This shot will be reused; please take both a CU and MED shot, if possible. TEXT: Dry the wafer with nitrogen after rinsing.

2.8. Move the dry wafer to a furnace at 1000 ºC that is equipped with a phosphorus source.  [2.8.1-WIDE] Place the wafer inside with nitrogen gas flow for 30 to 45 minutes, depending on the desired doping density [2.8.2-MED] After recovering the wafer, prepare to remove the contaminated oxide layer. [2.8.3-WIDE]

2.8.1. Talent with wafer arriving at furnace

2.8.2. Talent placing wafer in oven, closing oven, checking/adjusting controls (Video editor: Please transition to suggest the passage of time)

2.8.2b [split shot] checking/adjusting controls of the furnace
2.8.3. Talent moving wafer to bench with hydrofluoric acid and deionized water

2.9. Have ready a vessel of hydrofluoric acid diluted in water and a vessel of deionized water, each sufficient to immerse the wafer. [2.9.1-CU-TXT] Immerse the wafer in the acid for 3–4 minutes and then rinse it in the water for 10 minutes. [2.9.2-MED]

2.9.1. Clearly labeled vessels of hydrofluoric acid and deionized water TEXT: Hydrofluoric acid dilution ratio 1:10

2.9.2. Talent immersing wafer in vessel of acid
2.9.2b Talent immersing wafer in vessel of deionized water
2.10. Return the wafer to the oxidation furnace held at 900 ºC. [2.10.1-WIDE] There, go through the oxidation steps over the course of about one and one quarter hours. [2.10.2-TXT] After oxidation, the next step is to form the gate oxide.

2.10.1. Talent arriving at the oxidation furnace and placing wafer REUSE 2.1.1
2.10.2. TEXT on SCREEN: REUSE 2.1.4

2.10.3.  Talent with wafer arriving at bench REUSE 2.2.1
2.11. Deposit a few-nanometer thick layer of HDMS on the wafer. [2.11.1-MED] Next, move to a spin-coater. [2.11.2-WIDE] Spin-coat 2–4 micrometers of photoresist on both sides of the wafer. [2.11.3-CU/MED-TXT] Once again, take the wafer to the mask aligner. [2.11.4-WIDE] There, expose the wafer to ultraviolet light to transfer the required pattern. [2.11.5-LM-TXT]  

2.11.1. REUSE 2.2.4

2.11.2. REUSE 2.3.1 

2.11.3. REUSE 2.3.2 TEXT: Spin coat at 3000–5000 rpm, 25–40 seconds.

2.11.4. REUSE 2.4.1

2.11.5. LAB MEDIA: “gate_oxide_pattern” (Authors: Please provide the pattern (or representation of the pattern) that is used for this step.  Use the name “gate_oxide_pattern”)  TEXT: 10 mW/cm2, 4–10 seconds, depending on photoresist thickness

2.12. After developing the wafer, place it in an oxygen plasma etch for 20 minutes at 340 mTorr. [2.12.1-MED-TXT]. Follow this with etching in a 15:1 buffered hydrofluoric acid solution at 30 ºC. [2.12.2-WIDE] Place the wafer in the solution for 3 to 4 minutes. [2.12.3-MED] Then, rinse the wafer in deionized water for 5 minutes. [2.13.4]

2.12.1. REUSE 2.5.2 TEXT: incident power: 50 W; reflected power: <1 W 

2.12.2. REUSE 2.6.1

2.12.3. REUSE 2.6.2  Talent placing wafer in acetone  REUSE 2.7.2
2.12.4. REUSE 2.6.3

2.13. After drying the wafer, immerse it in acetone for 5 minutes to remove the photoresist. [2.13.1-MED]  Rinse the wafer in isopropanol for 5 minutes. [2.13.2-MED] After drying the wafer in nitrogen gas, take it to a dedicated 800 ºC furnace and place it inside. [2.13.3-WIDE] The oxidation steps take an hour to an hour and fifteen minutes, depending on the desired oxide thickness. [2.13.4-TXT]

2.13.1. REUSE 2.7.2

2.13.2. REUSE 2.7.3

2.13.3. Talent carrying wafer to furnace, placing wafer inside, closing furnace

2.13.4. TEXT ON SCREEN (four lines): dry O2 for 10 minutes; dichloroethylene and O2 for 20 minutes; dry O2 for 10–30 minutes (varies with desired oxide thickness); N2 for 15 minutes
3. Gate Patterning
3.1. Before gate patterning, the wafer should undergo metallization of source and drain contacts, and dicing into individual chips. [3.1.1-WIDE-TXT]   These 10 mm by 2 mm chips have also been patterned with alignment markers for electron beam lithography. [3.1.2-CU]
3.1.1. Talent working with or inspecting chips at bench TEXT: See manuscript for details.
3.1.2. A sample of chips consistent with previous shot

3.2. Patterning the aluminum gates takes three passes and begins with spin-coating. [3.2.1-WIDE] For each pass, spin polymethyl methacrylate A4 resist to a thickness of 150 to 200 nm. [3.2.2-CU-TXT]  After coating, transfer the chip to a hotplate at 180 ºC. [3.2.3-WIDE] Bake the chip for 90 seconds before continuing. [3.2.4-CU]

3.2.1. Talent moving chip to spin-coater and loading it

3.2.2. Talent spin-coating chip TEXT: polymethyl methacrylate (950k) A4 resist, 5000–7000 rpm for 30 seconds.

3.2.3. Talent moving chip to bench with hotplate, placing chip on hotplate

3.2.4. [combined with 3.2.3] Chip on hotplate, ideally temperature would be visible

3.3. Now, move the chip to an electron-beam lithograph. [3.3.1-WIDE] During lithography, use different parameters for high and low resolution. [3.3.2-MED-TXT] This is the pattern for the gate layout in this experiment. [3.3.3-LM]

3.3.1. Talent arriving at e-beam lithography setup

3.3.2. Talent preparing to perform lithography (mounting chip, working with settings) TEXT: See manuscript for details. This shot has been broken down in 4 subshots: a+b) loading on the sample holder c)loading into EBL machine d)talent at control computer adjusting setting/controls
3.3.3. LAB MEDIA: gate_pattern (Authors: Please provide an image of the gate pattern used for the lithography step. Name the file “gate_pattern”.)
3.4. Develop the resist with a solution of isobutyl ketone and isopropanol in a ratio of 1:3. [3.4.1-WIDE] Immerse the chip in the solution for 40–60 seconds. [3.4.2-CU] Rinse the chip in isopropanol for 20 seconds and blow dry with nitrogen. [3.4.3-MED]

3.4.1. Talent arriving at bench with developer in labeled container

3.4.2. Container of solution as chip is immersed

3.4.3. Talent working to rinse and blow dry the chip

3.5. Next, take the chip to a thermal evaporator prepared to evaporate aluminum. [3.5.1-WIDE] For the first pass, evaporate the aluminum at 0.1 to 0.4 nm/s to a target thickness of 25 to 35 nm. [3.5.2-MED-TXT] After the evaporation, proceed to lift off the metal. [3.5.3-WIDE] Have a vessel of n-methyl-2-pyrrolidone ready on a hotplate at 80 ºC and soak the chip for one hour. [3.5.4-CU/MED] Next, rinse the chip in isopropanol for two minutes. [3.5.5-MED-TXT]

3.5.1. Talent arriving with chip at the evaporator, starting to mount/load chip

3.5.2. Talent closing evaporator and working with/checking controls TEXT: Pressure 1–9 x 10-6 mbar  (Video editor: Please transition to suggest the passage of time)

3.5.3. Talent with wafer arriving at a bench on which is a filled vessel on a hotplate.  Vessel should be labeled

3.5.4. Labeled container of chemical, then chip being placed in it. (Video editor: Please transition to suggest the passage of time)

3.5.5. Talent transferring chip to isopropanol TEXT: Dry the chip with nitrogen gas after rinsing.

3.6. Perform aluminum oxidation on a hotplate at 150 ºC. [3.6.1-MED] Place the dry chip on the hotplate for 5–10 minutes. [3.6.2-CU] Complete the first pass by cleaning the chip. [3.6.3-WIDE] Spin clean using acetone and isopropanol at 7500 rpm for 30 seconds. [3.6.4-CU/MED]

3.6.1. Talent checking/positioning hotplate

3.6.2. Hotplate as chip is placed on it

3.6.3. Talent arriving at cleaner

3.6.4. Detail of cleaning or talent using cleaner

3.7. This schematic provides an overview of what was done in the first pass.  During a second pass, evaporate a 45–65 nm layer of aluminum. In the third pass, evaporate a 75–90 nm layer of aluminum to realize the three-layer gate stack.

3.7.1. LAB MEDIA: “pass_1” (Authors: Provide a schematic representation of the state of the chip after the first pass of the patterning process.  Name the file “pass_1”.)
3.7.2. LAB MEDIA: “pass_2” (Authors: Provide a schematic representation of the state of the chip after the first pass of the patterning process.  Name the file “pass_2”.)
3.7.3. LAB MEDIA: “pass_3” (Authors: Provide a schematic representation of the state of the chip after the first pass of the patterning process.  Name the file “pass_3”.)

4. Device Integrity Tests
4.1. In order to perform the integrity tests, a chip must be properly mounted. [4.1.1-WIDE] On a printed circuit board, mount a chip and make electrical connections between it and the printed circuit. [4.1.2-LM-TXT]  Next, mount the printed circuit board on a dip probe. [4.1.3-CU/MED] Wire the probe to allow electrical connection to the device gates. [4.1.4-CU]

4.1.1. Talent working with probe at bench, liquid helium container in view, if this is the area where probe will be tested

4.1.1b Close-up of 4.1.1
4.1.2. LAB MEDIA: “Figure_3a” and “Figure_3c”  TEXT: See manuscript for details. (Authors: Provide the images of Figure 3a and 3c separately,  without the labels a and c, and without any lines on the images. Use the filename “Figure_3a” and “Figure_3c”.) (Video editor: [Referring to Fig3 .tif on the upload site.] Please start with Figure_3a and point to the large, roughly circular, structure on which everything else is located during “On a printed circuit board”; label it “Printed circuit board.  During “mount a chip and wire it…circuit” highlight the black square at the center of the board and show its expanded view that is found in “Figure_3c.”) 

4.1.3. Wired dip probe in hands of talent

4.1.4. Close up of probe, showing printed circuit board

4.2. When the probe is ready, obtain a vessel containing liquid helium and slowly immerse the probe to avoid excessive helium boil-off. [4.2.1-MED] This schematic illustrates the connections for the leakage test. [4.2.2-LM] Using the room temperature electrodes, ground all gates except for one connected to a source-measure unit. [4.2.3-LM] Sweep the source-measure unit voltage from zero to 1.5 volts in steps of 0.1 volts to measure and record the current. If no current is detected, the device passes the leakage test. [4.2.4-CU-TXT][4.2.5-SC-TXT]

4.2.1. Talent at container with helium, beginning to slowly lower dip probe into helium

4.2.2. LAB MEDIA: leakage_test (Authors: Provide a schematic of electrical connections for the leakage test.  The gates should be labeled. Use the filename “leakage_test”)
4.2.3. LAB MEDIA: leakage_test 

4.2.4. Output on the screen of source-measure unit as measurement is made.  Please do the best you can. (Video editor: If possible, please show 4.2.3 and 4.2.4 simultaneously; 4.2.3 can be smaller)

4.2.5. *To be provided by authors SCREEN: Output on screen of source-measure unit as measurement is made. (Authors: Please investigate the possibility of screen capture from the source-measure unit.  Provide a capture of this measurement if it can be done.) (Videographer: If it is available, this is an optional shot for use in place of 4.2.4.)

4.3. For the next test, connect each gate to a variable dc voltage source. [4.3.1-LM] Connect the source line to the built-in ac voltage source of a lock-in amplifier. [4.3.2-LM] Also, connect the drain line to the input port of the lock-in amplifier. [4.3.3-LM]

4.3.1. LAB MEDIA: gates_to_voltage_source (Authors: Provide a schematic showing only device with the gates connected to the dc voltage source. All gates should be labeled. Use the filename “gates_to_voltage_source”) (Video editor: The images in 4.3.1-4.3.3 build to a final image. As written, they will be shown successively.  If it is possible to go more smoothly from one to the next, please try to do so.)

4.3.2. LAB MEDIA: source_to_amplifier (Authors: Provide a schematic showing device and with the gates connected to the dc voltage source  and the source line connected to the lock-in amplifier.   Use the filename “source_to_amplifier”)
4.3.3. LAB MEDIA: drain_to_amplifier (Authors: Provide a schematic showing device and with completed connections.  Use the filename “drain_to_amplifier”)
4.4. Measure the “turn-on” characteristics by simultaneously ramping up the gate voltages applied to BL, BR, PL, SL, and DL, while keeping C1 and C2 grounded. [4.4.1-LM]  Record the device turn on characteristics; this is a sample trace for this measurement. [4.4.2-CU][4.4.3-SC] Next, ramp down each gate voltage individually to record its “pinch-off” characteristics.  For this measurement, BL is ramped down. [4.4.4-CU][4.4.5-SC]

4.4.1. LAB MEDIA: turn_on (Authors: Please provide a schematic indicating which gates are held high and which are grounded.  All gates should be labeled.  Use the filename “turn_on”) (Video editor: Please highlight the set of gates BL, BR, PL, SL, and DL when the list is read, then, separately highlight C1 and C2 when they are mentioned.) 

4.4.2. Output on the screen of source-measure unit as measurement is made.  Please do the best you can. (Video editor: If possible, please show 4.4.1 and 4.4.2 simultaneously; 4.4.1 can be smaller) Filmed via screen capture software (File: global_turnon.avi )
4.4.3. *To be provided by authors SCREEN: Output on screen of source-measure unit as measurement is made. (Authors: Please investigate the possibility of screen capture from the source-measure unit.  Provide a capture of this measurement if it can be done.) (Videographer: If it is available, this is an optional shot for use in place of 4.4.2.)

4.4.4. Output on the screen of source-measure unit as measurement is made.  Please do the best you can. (Video editor: If possible, please keep 4.4.1 onscreen with BL highlighted, and show 4.4.4 simultaneously.  4.4.1 can be smaller) Filmed via screen capture software (File: BL_Pinchoff.avi)
4.4.5. *To be provided by authors SCREEN: Output on screen of source-measure unit as measurement is made. (Authors: Please investigate the possibility of screen capture from the source-measure unit.  Provide a capture of this measurement if it can be done.) (Videographer: If it is available, this is an optional shot for use in place of 4.4.4.)
5. Results: Device Integrity Test Results and Millikelvin Measurements
5.1. Here are representative results for the turn-on and pinch-off characteristics.  In the plot, the rms source-drain ac current is given as a function of the gate voltage. The gates are labeled in the schematic.  The source and drain contacts are connected to a lock-in amplifier with 50 microvolts rms excitation at about 113 Hz, and the gates are connected to a modular controllable-voltage battery rack. Gates C1 and C2 are held at 0 volts, while the others are held at 2 volts.

5.1.1. LAB MEDIA:  Figure_4a and labeled_device (Authors: Please provide panel a of Figure 4 separately and without the label a.  Use the filename “Figure_4a”. Also, provide a schematic or other representation of the device with the gates labeled. Use the filename “labeled_device”.)  (Video editor: Figure_4a should be the main image; labeled_device should be placed for viewer to refer to. In the second sentence, please point to/highlight the vertical axis during “rms source-drain current”, and point to/highlight the horizontal axis during “function of the gate voltage”)
5.2. This is a representative measurement of source-drain current, represented on a color spectrum, as a function of source-drain bias and plunger gate voltage when a quantum dot is formed under the plunger gate. It clearly reveals the characteristic signature of Coulomb blockade. 
5.2.1. LAB MEDIA: Figure_4b (Authors: Please provide panel b of Figure 4 separately and without the label b.  Use the filename “Figure_4b”.)  (Video editor: Please highlight the color map at the right during “source drain current, represented on a color spectrum”, the vertical axis during “source-drain bias”, and the horizontal axis during “plunger gate voltage”.)
5.3. Single-electron pumping can be achieved when a device is operated in a millikelvin temperature measurement platform equipped with high frequency electrical lines. In this experiment, the device is driven with a two-signal 10 MHz sinusoidal drive at the input barrier and the plunger gate. The characteristic current plateaux at integer multiples of the electron charge and the frequency are the signature of quantized charge transfers.

5.3.1. LAB MEDIA: Fig6.tif (Video editor: Please point to/highlight horizontal regions of the black curve during the third sentence.)
6. Conclusion (said by authors on camera)
Videographer: The statements in red will be provided by the authors.
6.1. Sun: Most of the process parameters quoted in this protocol may vary depending on the fabrication tools used, as well as on the type of silicon substrate. Quantities such as lithography exposure dose or development time, etching or oxidation duration, have to be carefully calibrated and tested to ensure a reliable yield.

6.2. Hudson: During the fabrication process, it is crucial to avoid cross-contamination arising from the use of the same fabrication tools for different processes. To this end, a number of critical steps are carried out with equipment exclusively dedicated to silicon processing such as metal evaporators, oxygen furnaces and HF baths. 
6.3. Tanttu: The results shown for the current quantization are taken at a relatively low driving frequency of ten megahertz for which the tuning of the experimental parameters can be carried out fast. In practice, it is desirable to operate the pump at several hundreds of megahertz. It is important to mention that this typically requires a much finer and more time-consuming parameter optimization. PROVIDED BY AUTHOR (FILE: SEC_6_3_TT.MTS )
6.4. Rossi: Following the fabrication process and the measurement techniques discussed in this video, we have been able to generate a macroscopic electric current with record accuracy levels among silicon-based systems. This sets promises for the future re-definition of the unit of current based on quantum mechanical principles.
6.5. Möttönen: We are looking into replacing the metal gates in our devices by polycrystalline silicon. This likely suppresses the background charge noise we currently observe. Our aim is that the resulting improved stability and accuracy of the electron pump will then meet the extreme metrological requirements of a new world current standard. PROVIDED BY AUTHOR (FILE: SEC_6_5_MM.MTS )
6.6. Dzurak: The techniques discussed in this video show the great potential of silicon-based nanotechnology. Silicon is drawing a growing interest as the material of choice to realize charge pumps. This is due to the attractive perspective of implementing a new current standard using an industry-compatible silicon process, which would benefit from well-established integration techniques for scalability and parallelization.       
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, as well as an introduction to your videographer, closer to your filming date.
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