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1.  There dimensional magnetic sensor for electrcic compass, MOEA, (2012-2014). 

2.  Spin polarized transport in two dimensional system (2012-2014). 

 
Research Activities 

 

I am currently involved in a highly successful research group carrying out computational and 

theoretical studies of magnetic materials within the Department of Physics, National Taiwan 

University. We have collaborated with a lot of experimental groups around the world in 

addition to our own departmental experimentalists. A very important and productive 

collaboration is with the experimental group in Institute of Physics, Academia Sinica. The 

interaction between theory and experiment generated by this collaboration makes a vital 

contribution to the development of both models and experimental techniques.  

 

My current research activities are focused on the following topics:  

 

I.  Spin transport in two-dimensional electron system, Prof. Chang and his coworkers found that 

both the Rashba and the Dresselhause coupling terms of the spin Hamiltonian can be 

transformed into a free-electron like system, and this transformation consequently maps the 

complicated dynamic problem of spin transport in 2DEG onto the free electron system. 

II.  Dynamic Reversal of Mesoscopic Magnets: To understand the inconsistent between the 

experimental data and reversal theory, we extend the linear theory to the nonlinear and 

chaotic regions. High frequency response shows that the magnetization reverses oscillatory 

and detailed analyses are still in progress.  

III.  Mechanism of Spin-dependence Transport: Spin-dependent tunneling of electrons gives a 

very large magnetoresistance, we are now studying the possibility of spin-filter to enhance 

the magnetoresistance. Spin injection from ferromagnetic region into another ferromagnetic 

region or the semiconductor are also under intensive studies now. 



IV. Mechanism of Exchange Bias in Spin-valve: The origins of spin valve type multilayers are 

studied, especially, the topological effects on the magnetic surface anisotropy and 

antiferromagnetic states are emphasized. Now we are concentrated on the mechanism of 

exchange bias. Ultimate goal is to find the easy way to build a giant magnetoresistance, low 

coercivity spin valve. 

V.  Magnetic Recording Theory: Physical processes of the magnetic recording and their 

associated noises are interested. We currently are concentrated on the thermal noise of 

bycrystal media. 

 

Teaching Experience 

 

   I have experience of teaching at all levels,  

 

   Undergraduate: 

   General Physics, (1st and 2nd years), Medical Physics  

   Mechanics, Electromagnetics, Modern Physics, Mathematics for Physicists (2nd year),  

   Introduction to Solid States Physics 

 

   Postgraduate: 

         Magnetism, Special topics on Surface Sciences, Physics for Magnetic Recording,introduction 

of spintronics 

 

Graduate Students:  12 Ph. D. and 9 master students graduated. 
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008. H.-H. Chiu, S.-M. Huang and Ching-Ray Chang, 1989, 'Simulation on permanent-magnet field for 

longitudinal orientation', MRL Bull. Res. Dev., vol. 3, pp. 33-38. 



007. Ching-Ray Chang, S.-M. Huang and H.-H. Chiu, 1989, 'The influence of geometrical arrangements on 

the radial magnetic field', MRL Bull. Res. Dev., vol. 3, pp. 55-59. 

 
006. Ching-Ray Chang and D. R. Fredkin, 1988, 'The mechanism of nucleation in uniaxial ferromagnets', J. 

Appl. Phys., vol. 63, pp. 3435-3437.  

 
005. Ching-Ray Chang and X. Y. Zhang, 1987, 'The dispersion patterns of acicular particles in viscous 

medium', IEEE Trans. Mag., vol. MAG-23, pp. 2886-2888. 

 
004. Ching-Ray Chang and D. R. Fredkin, 1987, 'The shearing of perpendicular loop with columnar 

structure', IEEE Trans. Mag., vol. MAG-23, 2052-2054. 

 
003. Ching-Ray Chang and D. R. Fredkin, 1987, 'Angular dependence of hysteretic properties in a 

longitudinal particulate medium', J. Appl. Phys., vol. 61, pp. 3895-3897. 

 
002. Ching-Ray Chang, and D. R. Fredkin, 1986, 'The dynamic vectorial model for assemblies of acicular 

particles', IEEE Trans. Mag., vol. MAG-22, pp. 391-393.  

 
001. R. C. Canfield and Ching-Ray Chang, 1985, 'L and H emission  by superthermal proton beams', Ap. 

J., vol. 295, 275-284. 

 

 
Patent: (granted) 
 

1. Perpendicular magnetic recording medium and method for fabricating the same, USA, 
2011/05/19 

2. Device of Nanocrystaline thinfilm and their fabrication methods, No: I 337626, Taiwan, 
2011/2/21 

3. Thermo-writing/magnetic-reading media, US7,838,135,  USA, 2010/11/23 
4. Thermo-writing/magnetic-reading media, No. I332201, Taiwan, 2010/10/21 
5. Adjustable recording media, No. I312151, Taiwan, 2009/07/11  
6. Quasi spin valve of Collosal magnetoresistance bulk material, No. I309838,Taiwan, 

2009/05/11 
7. A new way to make metallic metal wire, No. I207046號,Taiwan, 2009/05/21 
8. Theromomagnetic writing and magnetic reading media and the fabrications.EP1887568, 

Europe, (Finland,UK,Holand), 2006/08/02, 2009/04/09 
9. Low current sensor, recording device and their fabrication method, No. 

I305363,Taiwan,2009/01/11 
10. Magnetic nanoparticle for bio-application, No. I 302605,Taiwan, 2008/11/1 
11. A way to make sintering magnetic nanoparticle, No. I290179,Taiwan 2007/11/21 
12. Fabrication method for L10 alloy thinfilm, No. I274788,Taiwan, 2007/03/1 
13. A way to make metallic nanoparticle, No. I265152,Taiwan, 2006/11/1 
14. Magnetic recording device and their application, No. I 258132,Taiwan, 2006/07/11 
15. A way to make core-shell composite nanoparticles, No. I 240009,Taiwan,2005/09/21 
16. Fabrication of theromowriting/magnetic reading media,No. 224305, Taiwan, 2004/11/21 
17. Surface Plasma assisted writing of magneto-optical media, No. I224306, Taiwan, 2004/11/21 

 
Pending: 
1. Rapid Quench to make high density recording film, Hong Kong, No.HK1142057 



2. Data storage instrument and their storage methods, Taiwan, 200947436, 
3. Perpendicular Recording Media and the fabrication methods, Taiwan, 200926165 

4. Perpendicular Recording thinfilm and the fabrications, Taiwan,200917240 

5. Data storage instrument and their storage methods, Hong Kong, HK1139501 

6. Data storage instrument and their storage methods, China, CN1011609717 

 

Invited speaker(Since 2006-): 
 

1. STS, Kyoto, Oct. 2012. 
2. IcAUMS, Nara, Oct. 2012. 
3. WUN spintronics, Sydney, 2012. 
4. Workshop on Standardisation of Chinese Physics Terminology, Singapore, Dec. 12-14, 2011.  
5. Taiwan Initenational conference of Spintronics, TICS2011, Puli, Taiwan, Dec. 2-4, 2011. 
6. 17th Advanced Technologies and Applications, Kyungnam, Korea, Nov. 1-3, 2011. 
7. Chinese Physics Society, Autumn meeting in HangChou, China, Sep. 15-18, 2011. 
8. Moscow International Symposium on Magnetism (MISM), Moscow, Aug. 21-25, 2011. 
9. 2011 “Frontier of Sciences and Technologies”, Ulanbatta, Mongolia, 2011. 
10. International Conference on Materials for Advanced Technologies(ICMAT), Singapore, Jun, 2011. 
11. International Conference of Asia Union of Magnetic Societies (ICAUMS), Jeju island, Korea, 

Dec.,2010, 
12. “spin Pumping in magnetic tunneling junctions”, IUMRS Singapore, 2009.  
13.  “Spin Polarized transport and dynamics in magnetic tunneling structures”, InterMag 2009, CA, 

USA. 
14. Spin Polarized transport and dynamics in magnetic tunneling structures”, InterMag 2009, 

CA, USA. 
15. “Spin interferometer”,Asia Magnetic Conference at Busan, Dec.10-12, 2008.  
16. “Spin Precession in 2DEG”, ISAMMA, Jeju island, Korea, 2007.  
17. “Spin-orbital gauge influence of spin presscession”, Invited speaker at CN Yang’s 85th 

birthday ceremony, Singapore, 2007  
18. “Spin transport in 2DEG”, Invited talk Overseas Chinese Physics Associations (OCPA), 

Taipei, 2006 
 
 
 
 
 
 
 
 

 



  
 


