Submission ID #: 53461
Editor Name: Melissa Ceo
Videographer name: Brandon Marks
Film Date: 1/14/2016

Authors and Affiliations:
Liguo Tang1, Wenwu Cao2

1Key Laboratory of Underwater Acoustic Communication and Marine Information Technology
 Ministry of Education
 Xiamen University
 Xiamen, China	

2Department of Mathematics and Material Research Institute
 The Pennsylvania State University
 University Park, Pennsylvania, USA

Title: Characterization of Full Set Material Constants and Their Temperature Dependence for Piezoelectric Materials Using Resonant Ultrasound Spectroscopy

Corresponding Author: 

Wenwu Cao: dzk@psu.edu

Co-authors:

Liguo Tang: liguotang@xmu.edu.cn


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) N 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) Steps 3.2, 3.3, 4.1, 4.4, 6.1, 6.2.
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 using the step numbers listed in this document. (Please do not list entire sections.) Step 6.1.
E.  Will the filming need to take place in multiple locations? (Y/N) Y If yes, how far apart are the locations? 15 minute walking distance on campus.
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this resonance ultrasonic spectroscopy method is to measure a complete set of material constants and their temperature dependence for a piezoelectric material using only one sample. (Intro) 

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
*Note to the Authors: The interview statements have been edited or removed to conform to the specified number and length restrictions where applicable.
1.1. Wenwu Cao: The impedance method defined in the piezoelectric standards of the Institute of Electrical and Electronics Engineers requires 5 to 7 samples of different geometries in order to measure the complete set of material constants for a piezoelectric material. The main advantage of the resonance ultrasonic spectroscopy technique is that the full tensor properties can be obtained from one sample, avoiding inconsistency caused by sample to sample variations.  
1.2. Wenwu Cao: Data acquired from this method enables people to simulate the performance of electromechanical devices and quantify their performance degradation at higher temperatures using finite element method. 


Protocol (read by voice talent at JoVE):
2. Sample Preparation
2.1. First, glue a rectangular parallelpiped PZT-4 (pronounced P-Z-T four) ceramic sample to the bottom surface of a metal rod… [2.1.1-MED/WIDE] using a very thin layer of wax by heating the rod and sample to about 60 degrees Celsius [2.1.2-MED-over the shoulder]. 
2.1.1. Establishing shot of talent at lab bench or fume hood that has ceramic sample, metal rod, and hot plate.
2.1.2. Talent places the rod and ceramic sample on the hot plate and turns it on.
2.2. After cooling to room temperature, tightly fit the rod into a metal cylinder with a larger outer diameter [2.2.1-MED]…so that the bottom surface of the cylinder and sample can be polished together to guarantee the flatness of the sample surface [2.2.2-CU]. 
2.2.1. *Film as written
2.2.2. Close-up of sample, metal rod and metal cylinder.
2.3. Wet a Plexiglas plate with tap water… [2.3.1-MED-over the shoulder] and sprinkle 6 micron aluminum oxide powder onto the wet surface [2.3.2-CU-TXT]. 
2.3.1. *Film as written
2.3.2. *Film as written, TEXT: 6 μm Al2O3.
2.4. Place the sample holder with the sample glued to it onto the Plexiglas plate… [2.4.1-MED] and make a circular motion to grind the sample surface flat [2.4.2-MED-over the shoulder]. Then, wash the Plexiglas plate and sample holder thoroughly with tap water [2.4.3-CU].
2.4.1. *Film as written
2.4.2. *Film as written
2.4.3. *Film as written
2.5. Following this, sprinkle 3 micron aluminum oxide powder onto the wet Plexiglas plate… [2.5.1-MED-over the shoulder-TXT] and repeat the grinding to smoothen the sample surface [2.5.2-MED]. Wash the glass plate and sample holder clean with tap water [2.5.3-CU].
2.5.1. *Film as written, TEXT: 3 μm Al2O3.
2.5.2. *Film as written
2.5.3. *Film as written
2.6. Lift the sample off of the holder by heating the assembly to about 60 degrees Celsius to melt the wax [2.6.1-MED-over the shoulder]. When finished, remove the remaining wax from the sample surface with acetone [2.6.2-MED].
2.6.1. Talent places assembly on the hot plate, show temperature in frame if possible.
2.6.2. *Film as written
3. Pulse-echo Ultrasound Measurement
3.1. Connect a 15 megahertz longitudinal wave transducer and a digital oscilloscope to a Pulser-Receiver [3.1.1-MED].
3.1.1. *Film as written
3.2. Next, place the transducer onto the sample surface along the x-direction with some coupling grease in-between [3.2.1-CU-TXT].
3.2.1. *Film as written, TEXT: Polarization direction is z-axis. 
3.3. Press the CURSOR key on the control panel of the digital oscilloscope [3.3.1-MED]. Then, press the side-menu button V Bars… [3.3.2-MED-over the shoulder] and rotate the General Purpose knob to move one cursor line to the highest peak of the first echo signal [3.3.3-CU]. 
3.3.1. *Film as written
3.3.2. *Film as written
3.3.3. Signal on the screen as talent rotates the knob.
3.4. At this point, press the SELECT key… [3.4.1-MED-over the shoulder] and rotate the General Purpose knob to move the other cursor line to the corresponding peak in the second echo signal [3.4.2-CU].
3.4.1. *Film as written
3.4.2. Signal on the screen as talent rotates the knob.
3.5. Read the numerical value at the place marked with an up-triangle on the screen [3.5.1-MED], which is the round trip time of flight of the longitudinal wave pulse along the x-axis [3.5.2-CU]. 
3.5.1. Talent looks at digital oscilloscope screen.
3.5.2. Screen showing numerical value.
4. Measure the Temperature Dependence of Dielectric Constants
4.1. Connect an impedance analyzer to a control computer and turn both on [4.1.1-MED]. Then, insert the sample in the fixture connected to the analyzer [4.1.2-CU]… and place the whole assembly into a temperature chamber [4.1.3-MED-over the shoulder].
4.1.1. *Film as written
4.1.2. *Film as written
4.1.3. *Film as written
4.2. After closing the temperature chamber, press the key MEAS (pronounced mess) on the impedance analyzer panel [4.2.1-CU], and select  (pronounced c p dash d) [4.2.2-MED-over the shoulder].
4.2.1. Panel as talent presses the appropriate key.
4.2.2. *Film as written
4.3. Next, set the chamber temperature to 20 degrees Celsius using the control computer [4.3.1-MED-TXT]. 
4.3.1. Talent approaches computer and sets the temperature, TEXT: 20 °C.
4.4. Open the spreadsheet software… [4.4.1-MED-over the shoulder] and read the capacitance data [4.4.2-SCREEN]. Then, save the results into a file [4.4.3-MED-over the shoulder].
4.4.1. Talent at computer opens the software.
4.4.2. *To be submitted by Author
4.4.3. Talent at computer saves the results.
4.5. Following this, change the chamber temperature by pressing the up key on the impedance analyzer panel [4.5.1-MED-TXT]. Repeat the previous step for each temperature increment after the chamber temperature becomes stable [4.5.2-MED-over the shoulder]. 
4.5.1. *Film as written, TEXT: 5 °C increments. 
4.5.2. Talent at computer checks/reads the capacitance data and saves the results for one of the temperature increments.
5. Resonance Frequencies Measurement at Room Temperature and Mode identification
5.1. At this point, place the sample in between the transmitting and receiving transducers of the resonance ultrasound spectroscopy system… [5.1.1-MED-over the shoulder] with contacts only at the opposite corners of the sample [5.1.2-LM].
5.1.1. *Film as written
5.1.2. figure 2.tif
5.2. Run the control interface of the dynamic resonance system by double clicking on the software file DRS.exe [5.2.1.-MED-over the shoulder]. Set the start frequency, the stop frequency, and the total number of data points to be collected [5.2.2-SCREEN-TXT]. 
5.2.1. Talent at computer double clicks on the software file.
5.2.2. *To be submitted by Author, TEXT: (f1 – f2)/N < 0.1 kHz for frequency resolution).
5.3. Measure the resonance spectrum of the sample in this frequency range at room temperature… [5.3.1-SCREEN] and save the spectrum into a file [5.3.2-MED-over the shoulder]. Then, plot the frequency-amplitude curve [5.3.3-LM-TXT]. 
5.3.1. *To be submitted by Author
5.3.2. Talent at computer saves the spectrum.
5.3.3. figure 3.tif, TEXT: Peaks correspond to sample resonance frequencies.
6. Resonance Spectrum Measurement at Higher Temperatures and the Determination of Temperature Dependence of Full Set Material Constants
6.1. Place the sample in between the transmitting and receiving transducers that are already in a furnace [6.1.1-MED/WIDE], with contacts only at opposite corners of the sample [6.1.2-CU]. 
6.1.1. Talent approaches the furnace and places the sample inside.
6.1.2. Sample in furnace.
6.2. Following this, run the resonance ultrasound spectroscopy system measuring software… [6.2.1-MED-over the shoulder] and measure the resonance frequencies of the sample [6.2.2-SCREEN]. Then, save the results into a file [6.2.3-MED].
6.2.1. Talent at computer runs the software. Take multiple shots as shot will be reused.
6.2.2. *To be submitted by Author
6.2.3. Talent at computer saves results.
6.3. Increase the temperature of the sample with a temperature step of 5 degrees Celsius [6.3.1-MED-TXT]. Repeat the previous step until the desired temperature is reached [6.3.2-TXT].
6.3.1. *Film as written, TEXT: 5 °C increments.	
6.3.2. Reuse shot 6.2.1, TEXT: Save each file with different name.

7. Results: Temperature Dependence of Full Set of Material Constants for Piezoelectric Materials Using Resonance Ultrasound Spectroscopy
7.1. For the PZT-4 ceramic sample, the elastic constants  and (pronounced C one one E, C three three E, and C four four E) increase with temperature while the elastic constants  and  (pronounced C one two E and C one three E) are nearly independent of temperature in the range from 20 to 120 degrees Celsius [7.1.1-LM]. On the other hand, the piezoelectric constants e33, e31 and e15 (pronounced e three three, e three one, and e one five) are strongly temperature dependent [7.1.2-LM].
7.1.1. figure 5.tif: Highlight  and  plots when mentioned in first part of sentence and highlight  and  plots when mentioned in second part of sentence.
7.1.2. figure 6.tif
7.2. [bookmark: _GoBack]The measured dielectric constants and the predicted ones calculated based on the full set material constants obtained by this method show excellent agreement [7.2.1-LM]. The piezoelectric constants d15 and d33 (pronounced d one five and d three three) calculated using one set of formulas and the values calculated using another set of formulas also show good agreement [7.2.2-LM-TXT]. These results confirm that the full set material constants obtained for the PZT-4 ceramic sample are highly self-consistent for the temperature range from 20 to 120 degrees Celsius [7.2.3-LM].
7.2.1. figure 7.tif
7.2.2. figure 8.tif, TEXT: Refer to text protocol for formulas.
7.2.3. figure 7.tif and figure 8.tif

8. Conclusion (said by authors on camera)
8.1. Wenwu Cao: This RUS technique allows us to measure the full tensor properties at elevated temperatures with self-consistency, which paved the way for researchers in the field of device simulation to explore the possibility of predicting the real performance of electromechanical devices, particularly to predict the performance degradation with heat generation during operation.
8.2. Wenwu Cao: After watching this video, you should have a good understanding of how to perform resonance ultrasonic spectroscopy measurements at elevated temperatures. The key is to acquire a reliable set of constants at room temperature, and then derive the full tensor properties at higher temperatures based on the room temperature data.


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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