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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate software usage? Y
3. Which steps from the protocol section below are the most visually important? 
2.4., 2.5.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.5. Attaining a proper connection is difficult since connectors may be finicky. Alignment is found by hand tightening where there is little to no resistance felt while tightening cables. Once aligned and hand tightened, a torque wrench may be used to form the proper connection.
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


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

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

1.1. Chriss Hammerschmidt: Making good measurements is difficult. This procedure will help develop good measurement practices. When this protocol is followed, the VNAs will debug and characterize RF devices and systems with precision [1].

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

1.2. Chriss Hammerschmidt: VNAs are the most accurate way to measure an RF device or system. The theory behind this technique is well established and following this protocol will provide consistent and repeatable results [1].

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

Introduction of Demonstrator (Said by you on camera):

1.3. Chriss Hammerschmidt: Demonstrating the procedure will be Savio Tran, a colleague from my laboratory [1][2]. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera



Section - Protocol
2. Vector Network Analyzer (VNA) Setup
2.1. Before initiating a measurement, gather all of the components of the propagation measurement system [1], including the cables, amplifiers, filters, devices under test, and other relevant components [2].
2.1.1. WIDE: Talent placing component(s) onto bench
2.1.2. Shot of various gather components, including cables, amplifiers, filters, and DUTs
2.2. Note that female standards, which have an insertable port for the male port on the cable, will be used in this calibration [1]. 
2.2.1. Shot of male and female connectors Video Editor: please emphasize insertable port on female standard
2.3. At least a half an hour before the measurement, turn on the VNA (V-N-A) [1] and press the Preset button [2].
2.3.1. Talent turning on VNA
2.3.2. Talent pressing button

2.4. Visually inspect all of the cables and connectors for obvious signs of wear, such as nicks, dents, and imperfect connector threads [1], and clean the connectors on all of the devices and cable ends [2].

2.4.1. Talent checking cable(s) Videographer: Important step
2.4.2. Connector being cleaned Videographer: Important step

2.5. Before their connection, align the VNA cables with ports 1 and 2 and the device under test [1] and tighten the connected cables by hand [2]. If little to no resistance is felt, secure the connection with a 12-inch pound-foot torque wrench for type N connections [3].

2.5.1. Cable(s) being aligned Videographer: Important/difficult step
2.5.2. Connection being tightened by hand Videographer: Important/difficult step
2.5.3. Connection being tightened by wrench Videographer: Important/difficult step

2.6. To set the VNA frequency range, open the Stimulus menu [1-TXT] and select Frequency. Set the Start Frequency to 1700 megahertz and the Stop Frequency to 1900 megahertz [2].

2.6.1. Talent opening menu, with monitor visible in frame TEXT: Set measurement parameters according to DUT specifications
2.6.2. SCREEN: screenshot_1: 00:02-00:14

2.7. To set the measurement type, select Response, Measure, and S21 [1]. 

2.7.1. SCREEN: screenshot_2

2.8. To set and adjust the port power, select Stimulus, Power, Power, and adjust the Port Power to 0 decibel-milliwatts [1].

2.8.1. SCREEN: screenshot_3

2.9. To set and adjust the sweep settings, select Stimulus, Sweep, and Sweep Setup, and Stepped Sweep. Set dwell time to 0 seconds [1].

2.9.1. SCREEN: screenshot_4

2.10. To set and adjust averaging mode, select Response and Average and set the Intermediate Frequency Bandwidth to 1 kilohertz [1].

2.10.1. SCREEN: screenshot_5 Video Editor: please speed up

2.11. To set the displayed data format, select Response, Format, and LogMag [1].

2.11.1. SCREEN: screenshot_6

2.12. Then select Stimulus, Sweep, Number of Points, and 1601 to set the number of data points in the displayed trace [1].

2.12.1. SCREEN: screenshot_7 

3. VNA Calibration 

3.1. To perform a manual calibration, select Response, Cal, Start Calibration, Calibration Wizard, and Unguided Calibration [1].

3.1.1. WIDE: Talent selecting Calibration wizard, with monitor visible in frame

3.2. Select 2 port Short-Open-Load-Thru under Cal Type Selection and select the appropriate calibration kit so that an accurate value of the standards in the specific calibration kit are known. Then click Next [1].

3.2.1. SCREEN: screenshot_9 Video Editor: please speed up

3.3. [bookmark: _GoBack]Attach an open calibration standard to the cable attached to port 1 [1] and attach a short calibration standard to the cable attached to port 2 [2]. 

3.3.1. Talent attaching open calibration standard 
3.3.2. Talent attaching short calibration standard

3.4. To perform a measurement of the attached open, on Port 1, select OPEN and Type N-50 female open [1]. A trace will appear [2].

3.4.1. SCREEN: screenshot_10: 00:00-00:05
3.4.2. SCREEN: screenshot_10: 00:05-00:14 

3.5. To perform a measurement of the attached open, on Port 2, select Short and Type N-50 female short [1]. A trace will appear [2].

3.5.1. SCREEN: screenshot_11: 00:00-00:08
3.5.2. SCREEN: screenshot_11: 00:08-00:18 

3.6. After the second measurement, swap the calibration standards between the ports [1] and on Port 1, select SHORT and Type N-50 female short to measure the short on port 1 [2]. A trace will appear [3]

3.6.1. Standards being swapped
3.6.2. SCREEN: screenshot_12: 00:00-00:07
3.6.3. SCREEN: screenshot_12: 00:07-00:15 

3.7. To measure the open on Port 2, on Port 2, select OPEN and Type N-50 female open [1].

3.7.1. SCREEN: screenshot_13: 00:00-00:08
3.7.2. SCREEN: screenshot_13: 00:08-00:21 

3.8. Next, replace the short from Port 1 with a broadband load [1] and, on Port 1, select LOADS and Type N-50 broadband load to measure the load on Port 1 [2]. A trace will appear [3]

3.8.1. Broadband load being placed
3.8.2. SCREEN: screenshot_14: 00:00-00:06
3.8.3. SCREEN: screenshot_14: 00:06-00:16 

3.9. Once the measurement has completed, remove the open from Port 2 and the broadband load from Port 1 [1] and transfer the broadband load from Port 1 to Port 2 [2].

3.9.1. Port terminations being removed
3.9.2. Broadband load being transferred

3.10. Place the open from Port 2 on Port 1 to prevent leakage signals [1] and, on Port 2, select LOADS and Type N-50 broadband load [2]. A trace will appear [3].

3.10.1. Port being placed
3.10.2. SCREEN: screenshot_15: 00:00-00:09
3.10.3. SCREEN: screenshot_15: 00:09-00:13

3.11. Insert a thru calibration standard between the cables attached to Ports 1 and 2 [1] and select THRU to measure the thru calibration standard [2]. Multiple traces will appear [3].

3.11.1. Standard being inserted
3.11.2. SCREEN: screenshot_16: 00:00-00:02
3.11.3. SCREEN: screenshot_16: 00:02-00:23 Video Editor: please speed up

3.12. Once all of the standards have a check mark above them, select Next and Save as User Calset. Then enter a name for the calibration and click SAVE [1]. 

3.12.1. SCREEN: screenshot_17: 00:00-00:17

4. Calibration Check

4.1. To check the calibration, connect a thru adapter without obvious signs of wear to the cables between Ports 1 and 2 [1] and select Response, Scale, Scale, and set the Per Division to 0.1 decibel [2].

4.1.1. WIDE: Talent connecting adapter
4.1.2. SCREEN: screenshot_18: 00:00-00:21

4.2. To measure the insertion loss of the thru, select the Stimulus menu, Trigger, and Single. A single sweep will appear across the frequency range [1-TXT].

4.2.1. SCREEN: screenshot_18: 00:22-00:37 TEXT: Good calibration will have S21 within 0.05-0 dB

4.3. Once the Thru has been checked, select Response, Scale, and Scale to return the Per Division value to 10 decibels [1].

4.3.1. SCREEN: screenshot_19: 00:00-00:23

4.4. To measure S11, select Stimulus menu, Trigger, and Single [1] and select Response, Measure, and S11 [1-TXT].

4.4.1. SCREEN: screenshot_19: 00:30-00:44 Video Editor: can speed up TEXT: Good calibration will have S11 < -20 dB

5. Component and System Loss Measurement

5.1. To measure components and system losses, first connect the device under test to the VNA [1] and select Response, Measure, and S21 [2].

5.1.1. WIDE: Talent connecting device
5.1.2. SCREEN: screenshot_20: 00:00-00:10

5.2. To measure the device under test, select Stimulus Menu, Trigger, and Single [1] and select File and Save Data as to save the data as a Displayed Traces, Displayed Format trace file [2].


5.2.1. SCREEN: screenshot_20: 00:10-00:28 Video Editor: can speed up
5.2.2. SCREEN: screenshot_21: 00:00-00:09 

5.3. Set the Scope to Displayed Traces, the Format to Displayed Format, and the saved file type to either .CSV or Trace and click SAVE [1-TXT].

5.3.1. SCREEN: screenshot_21: 00:15-00:40 Video Editor: please speed up TEXT: Use *.s2p for two-port calibration

5.4. To check and analyze the test results of a bandpass filter, select Marker-Analysis, Marker Search, and MAX to find the insertion loss of the filter [1].

5.4.1. SCREEN: screenshot_22

5.5. Select Marker-Analysis, Marker, Marker and set the Stimulus for Marker 1 to 1802 megahertz to set the center frequency of the filter being measured [1].

5.5.1. SCREEN: screenshot_23: 00:00-00:13

5.6. From the dropdown menu, select Marker 2 and check the ON box [1], moving the knob to lower the marker frequency to the point that is 3 decibels below the measured loss at the center frequency [2].

5.6.1. SCREEN: screenshot_23: 00:13-00:33 Video Editor: please speed up
5.6.2. Talent moving knob

5.7. Select Reference and check the ON box. Then select Marker 3, check the ON box, and check the Delta marker box [1-TXT].

5.7.1. SCREEN: screenshot_23: 00:33-00:42 TEXT: Marker measures 3-dB bandwidth between Marker 2 and Marker 3

5.8. Then set the Stimulus for Marker 3 to the point at which the delta 3 S21 is closest to 0. The filter’s 3-decibel bandwidth will be displayed by Delta 3 [1].

5.8.1. SCREEN: screenshot_23: 00:42-01:05 Video Editor: please speed up and emphasize 3-dB bandwidth as displayed by Delta 3 as possible

6. Electronic Calibration

6.1. If a manual calibration is not select, select the electronic calibration option [1] and attach the electronic calibration kit to the cables between Ports 1 and 2 [2].

6.1.1. WIDE: Talent selecting electronic calibration, with monitor visible in frame
6.1.2. Talent attaching kit

6.2. Select Response, Calibration, Start Calibration, Calibration Wizard, and Use Electronic Calibration [1].

6.2.1. SCREEN: screenshot_24 

6.3. Select 2 Port Electronic Calibration and the appropriate Module and Characterization and click Next [1]. 

6.3.1. SCREEN: screenshot_25: 00:00-00:15

6.4. Then click Measure to measure the calibration standards [1].

6.4.1. SCREEN: screenshot_25: 00:15-0:25 Video Editor: can show whole calibration speeded up if preferred

6.5. At the end of the calibration, click Save as User Calset to save the calibration data [1].
6.5.1. SCREEN: screenshot_26



Section – Results
7. Results: Representative Insertion Loss, 10-dB Attenuator, and Coaxial Cable Measurements

7.1. In this representative analysis, the filter was measured after consulting the manufacturer’s specifications [1].

7.1.1. LAB MEDIA: Figure 10

7.2. As observed, the insertion loss was identified [1], as well as the 3-decibel points [2].

7.2.1. LAB MEDIA: Figure 11 Video Editor: please emphasize data line
7.2.2. LAB MEDIA: Figure 11 Video Editor: please emphasize 1, 2, 3 and triangles

7.3. Here is a measurement of a damaged 10-decibel attenuator that was measured to be minus 22.70 decibels [1].

7.3.1. LAB MEDIA: Figure 12 Video Editor: please emphasize data line

7.4. For comparison, in this Figure, the measurement of a good 10-decibel attenuator can be observed [1]. Note that the measured value is within the specified range of minus 9.5 to minus 10.5 decibels across the entire 1700-1900-megahertz bandwidth [2].

7.4.1. LAB MEDIA: Figure 13
7.4.2. LAB MEDIA: Figure 13 Video Editor: please emphasize data line

7.5. Cable loss is another important measurement frequently performed in radio frequency measurements [1]. For example, in this analysis, the measured loss was minus 1.88 decibels at a frequency of 1750 megahertz [2].

7.5.1. LAB MEDIA: Figure 14
7.5.2. LAB MEDIA: Figure 14 Video Editor: please emphasize data line


Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Chriss Hammerschmidt: Be sure to always check that you have a good calibration before continuing to take measurements and to verify the measured parameters with a specification sheet after measuring a device [1].
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Step: 4.2., 4.4., 5.5., 5.6.)
8.2. Chriss Hammerschmidt: Using good measurement practices with a VNA on the benchtop translates into trustworthy, accurate measurements on other devices and in complex environments [1].
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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