APPENDIX
HYSTERESIS LOOP EVOLUTION

This appendix shows the hysteresis loop evolution of all the samples in this study. The
ceramics were poled in heat-bath at a temperature of 110°C by applying a DC electric field in the
range of 10-40 kV/em for 30 minutes and then field-cooled to room temperature. The poled
ceramics were then left for 24 hours before hysteresis loop measurements. The poled samples
Wwere measured by a standard Sawyer-Tower circuit. The hysteresis loop evolution with applied
electric field of (x)PMN-(1-x)PZT (when x=0.0, 0.1, 0.3, 0.5 ,0.7, 0.9 and 1.0) and commercial
sample used in calibration this experimental set up are illustrated.
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Al PKI-552 or soft PZT

Figure A.1 Hysteresis loops evolution of commercial sample (PKI-552 or soft PZT)
taken at AC drive amplitudes of: 3.11 to 19.20 kV/em
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A2. PZT

Figure A.2 Hysteresis loops evolution of PZT ceramics poled at 10 kV/cm taken at AC
drive amplitudes of : 3.02 t0 8.03 kV/cm
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Figure A.3 Hysteresis loops evolution of PZT ceramics poled at 20 kV/cm taken at AC
drive amplitudes of ; 4.05to 17.08 kV/em
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Figure A4 Hysteresis loops evolution of PZT ceramics poled at 30 kV/cm taken at AC
drive amplitudes of : 3.02 to 18.04 kV/cm
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A3. 0.1PMN-0.9PZT

Figure A.5 Hysteresis loops evolution of 0.LPMN-0.9PZT ceramics poled at 10 kV/cm
taken at AC drive amplitudes of : 4.57 to 11.05 kV/cm
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Figure A.6 Hysteresis loops evolution of 0.1PMN-0.9PZT ceramics poled at 20 kV/cm
taken at AC drive amplitudes of : 4.57 to 11.51 kV/em
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Figure A.7 Hysteresis loops evolution of 0.1PMN-0.9PZT ceramics poled at 30 kV/cm
taken at AC drive amplitudes of : 3.03 to 11.14 kV/em
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Figure A.8 Hysteresis loops evolution of 0.1PMN-0.9PZT ceramics poled at 40 kV/cm
taken at AC drive amplitudes of : 4.57 to 14.52 kV/em
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A4. 03PMN-0.7PZT

Figure A.9 Hysteresis loops evolution of 0.3PMN-0.7PZT ceramics poled at10 kV/cm
taken at AC drive amplitudes of : 4.04 to 8.04 kVicm
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Figure A.10 Hysteresis loops evolution of 0.3PMN-0.7PZT ceramics poled at 20 kV/cm
taken at AC drive amplitudes of : 4.04 to 8.04 kV/cm
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Figure A.11 Hysteresis loops evolution of 0.3PMN-0.7PZT ceramics poled at 30 kV/cm
taken at AC drive amplitudes of : 4.04 to 8.57 kV/cm
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Figure A.12 Hysteresis loops evolution of 0.3PMN-0.7PZT ceramics poled at 40 kV/cm
taken at AC drive amplitudes of : 4.04 to 8.57 kV/cm



103

A5, 0.5PMN-0.5PZT

Figure A.13 Hysteresis loops evolution of 0.5PMN-0.5PZT ceramics poled at 10 kV/cm
taken at AC drive amplitudes of : 8.11 to 10.13 kV/cm
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Figure A.14 Hysteresis loops evolution of 0.5PMN-0.5PZT ceramics poled at 20 kV/cm
taken at AC drive amplitudes of : 8.11 to 10.13 kV/em
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Figure A.15 Hysteresis loops evolution of 0.5PMN-0.5PZT ceramics poled at 30 kV/cm
taken at AC drive amplitudes of : 8.11 to 10.13 kV/em
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Figure A.16 Hysteresis loops evolution of 0.5PMN-0.5PZT ceramics poled at 40 kV/cm
taken at AC drive amplitudes of : 8.11 to 10.13 kV/em
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Ab. 0.7PMN-0.3PZT

Figure A.17 Hysteresis loops evolution of 0.7PMN-0.3PZT ceramics poled at 10 kV/cm
taken at AC drive amplitudes of : 5.10 to 15.07 kV/cm
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Figure A.18 Hysteresis loops evolution of 0.7PMN-0.3PZT ceramics poled at 20 kV/cm
taken at AC drive amplitudes of : 5.10 to 16.49 kV/em
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Figure A.19 Hysteresis loops evolution of 0.7PMN-0.3PZT ceramics poled at 30 kV/cm
taken at AC drive amplitudes of ; 5.10 to 17.08 kV/em



110

Figure A.20 Hysteresis loops evolution of 0.7PMN-0.3PZT ceramics poled at 40 kV/cm
taken at AC drive amplitudes of : 6.05 to 18.03 kV/em
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A.7. 09PMN-0.I1PZT

Figure A.21 Hysteresis loops evolution of 0.9PMN-0.1PZT ceramics poled at 10 kV/cm
taken at AC drive amplitudes of : 4.05 to 18.01 kV/cm
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Figure A.22 Hysteresis loops evolution of 0.9PMN-0.1PZT ceramics poled at 20 kV/cm
taken at AC drive amplitudes of : 4.05 to 20.03 kV/em
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Figure A.23 Hysteresis loops evolution of 0.9PMN-0.1PZT ceramics poled at 30 kV/cm
taken at AC drive amplitudes of : 5.59 to 20.03 kV/em
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Figure A.24 Hysteresis loops evolution of 0.9PMN-0.1PZT ceramics poled at 40 kV/cm
taken at AC drive amplitudes of : 5.59 to 20.03 kV/em
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A8. PMN

Figure A.25 Hysteresis loops evolution of PMN ceramics poled at 10 kV/cm
taken at AC drive amplitudes of : 2.09 to 11.00 kV/cm
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Figure A.26 Hysteresis loops evolution of PMN ceramics poled at 20 kV/cm
taken at AC drive amplitudes of : 3.02 to 11.00 kV/em
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Figure A.27 Hysteresis loops evolution of PMN ceramics poled at 30 kV/cm
taken at AC drive amplitudes of : 4.03 to 20.14 kV/em
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Figure A.28 Hysteresis loops evolution of PMN ceramics poled at 40 kV/cm
taken at AC drive amplitudes of : 5.04 to 25.03 kV/cm



VITA

Name-Surname: Supattra Wongsaenmal

Date of Birth: 27 August 1981

Province: Mae-Hong-Son

Education: B.S. (Physics), Chiang Mai University, Chiang Mai, 2003

Scholarship: Department of Physics, Faculty of Science, Magjo University,
Thailand

Publications:

1. Yimnirun R., Ananta S. Meechoowas E. and Wongsaenmai S., Effect of Uniaxial Stress
on Dielectric Properties Lead Magnesium Niobate-Lead Zirconate Titanate Ceramics. J. Phys. D:
Appl. Phys. 2003; 36 : 1615-1619,

2. Wongsaenmai S., Ananta S. and Yimnirun R. Effect of Uniaxial Stress on Dielectric
Properties of Ceramics in PMN-PZT System. Songklanaknrin J. Sci. Technol. 2003; 25(5) : 629-
636.

3. Wongsaenmai S., Ananta S., Meechoowas E. and Yimnirun R. Uniaxial Stress Dielectric
properties of Poled Ceramics in Lead Magnesium Niobate-Lead Zirconate Titanate System.
Chiang Mai J. Sci. 2003; 30(2) : 81-93.

4. Wongsaenmai S., Moonrat P., Silawongsawat T., Ananta S. and Yimnirun R. Study of
Hysteresis Properties of Lead Zirconate Titanate (PZT) Ceramic by Sawyer-Tower Circuit
Naresuan University Journal. 2003; 11(3) : 21-27.

5. Wongsaenmai S., Ananta S. and Yimnirun R., Effect of Uniaxial Stress on Dielectric
Properties of Unpoled Ceramics in PMN-PZT System. KKU Sci. J., 2003; 31(2) : 73-84.

6. Wongsaenmai S., Ananta S. and Yimnirun R. Effect of Uniaxial Stress on Dielectric
Properties of Lead Zirconate Titanate Ceramics. Suranaree J. Sci. Technol, 2003; 10 : 206-209.

1. Wongsaenmai S., Ananta S. and Yimnirun R. Dielectric Properties of Unpoled Lead
Magnesium Niobate-Lead Zirconate Titanate Ceramics Under Uniaxial Stress. Chiang Mai J. Sci.
2004; 31(1) : 11-15,



120

8. Wongsaenmai S., Ngamjarurojana A., Tipakontitikul R., Ananta S. and Yimnirun R.
Effect of Poling Conditions on Hysteresis Properties of Lead Magnesium Niobate-Lead Zirconate
Titanate Ceramics. Accepted for Naresuan University Journal. 2004,

9. Ngamjarurojana A., Wongsaenmai S., Tipakontitikul R., Ananta S. and Yimnirun R.
Effect of Uniaxial Stress on Hysteresis Properties of 0.LPMN-0.9PZT Ceramic. Accepted for
Chiang Mai University Journa. 2004.

10. Wongsaenmai S., Ngamjarurojana A., Tipakontitikul R., Ananta S. and Yimnirun R.
Hysteresis Properties of 0.IPMN-0.9PZT Ceramic Under Different Poling Fields. Proc.
SmartMat’04, 2004: 26.

11, Ngamjarurojana A., Wongsaenmai S., Tipakontitikul R., Ananta S. and Yimnirun R.
Hysteresis Properties of Lead Zirconate Titanate Ceramic Under Uniaxial Compressive Pre-
Stress. Proc. SmartMat’04. 2004 27.

12. Yimnirun R., Wongsaenmai S., Ngamjarurojana A. and Ananta S. Effect of Uniaxial
Stress on Dielectric Properties of Ferroelectric Ceramic. Accepted for Current Applied Physics.
2005.

National Conference Presentation:

1. Wongsaenmai S., Moonrat P., Silawongsawat T., Ananta S. and Yimnirun R. Study of
Hysteresis Properties of Ferroelectrics Ceramic Lead Zirconate Titanate (PZT) by Sawyer-Tower
Circuit. The 28™ Congress on Science and Technology of Thailand, Bangkok. October, 2002,

2. Wongsaenmai S., Ananta S. and Yimnirun R. Effect of Uniaxial Stress on Dielectric
Properties of Lead Zirconate Titanate-Lead Magnesium Niobate Ceramics. The 29" Congress on
Science and Technology of Thailand, Khon Kean. October, 2003.

3. Wongsaenmai S., Ananta S. and Yimnirun R. Microstructural Study of Ceramics in Lead
Magnesium Niobate-Lead Zirconate Titanate System. The 20™ Annual Conference of the Electron
Microscopy Society of Thailand, Bangkok. January, 2003,

4, Wongsaenmai S., Ngamjarurojana A., Ananta S. and Yimnirun R. Compositions and
Hysteresis Properties Relations in Lead Zirconate Titanate-Lead Magnesium Niobate Ceramics.
The Third Thailand Materials Science and Technology Conference, Bangkok. August, 2004,



121

5. Wongsaenmai S., Ngamjarurojana A., Tipakontitikul R., Ananta S. and Yimnirun R.
Effect of Poling Conditions on Hysteresis Properties of 0.1PMN-0.9PZT Ceramic. The30"
Congress on Science and Technology of Thailand, Bangkok. October, 2004.

6. Ngamjarurojana A., Wongsaenmai S., Tipakontitikul R., Ananta S. and Yimnirun R.
Effect of Uniaxial Stress on Hysteresis Properties of Lead Zirconate Titanate Ceramic. The30"
Congress on Science and Technology of Thailand, Bangkok. October, 2004,

7. Tipakontitikul R., Ngamjarurojana A., Wongsaenmai S., Ananta S. and Yimnirun R.
Measurement of Planar Electromechanical Coupling Coefficient (k;) of Lead Magnesium
Niobate-Lead Zirconate Titanate Ceramics By Resonance Method. The 30" Congress on Science
and Technology of Thailand, Bangkok. October, 2004,

International Conference Presentation:

1. Wongsaenmai S., Ananta S. and Yimnirun R. Effect of Uniaxial Stress on Dielectric
Properties of Lead Zirconate Titanate-Lead Magnesium Niobate Ceramics. 3% Asian Megting on
Electroceramic Conference (AMEC-3), Singapore. December, 2003,

2. Yimnirun R., Wongsaenmai S., Ngamjarurojana A. and Ananta S. Effect of Uniaxial
Stress on Dielectric Properties of Ferroelectric Ceramic. AMN-2 International Conference on
Advanced Materials and Nanotechnology, New Zealand. February, 2005,

3. Wongsaenmai S., Ngamjarurojana A., Tipakontitikul R., Ananta S. and Yimnirun R.
Hysteresis Properties of 0.1PMN-0.9PZT Ceramic Under Different Poling Fields. The
International Conference on Smart Materials: Smart/Intelligent Materials and Nanotechnology.
Chiang Mai. December, 2004,

4. Ngamjarurojana A., Wongsaenmai S., Tipakontitikul R., Ananta S. and Yimnirun R.
hysteresis Properties of Lead Zirconate Titanate Ceramic Under Uniaxial Compressive Pre-Stress.
The International  Conference on  Smart Materials: Smart/Intelligent Materials and
Nanotechnology, Chiang Mai. December, 2004,

5. Ngamjarurojana A., Wongsaenmai S., Ananta S. and Yimnirun R. Effect of Uniaxial
Stress on The Dielectric Properties of Poled. The 106" Annual Mesting & Exposition of The
American Ceramics Society. Indianapolis. April, 2004,



