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Fabrication and Characterization of Electrically Controllable 

Gratings using Interdigitated Electrodes with Bowl Structures  
 (s06210018)* 

 

 *Email: qaz7895123852@gmail.com 
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[1]  C. Palmer, Diffraction grating handbook, 

(Richardson Grating Laboratory, 2014). 

[2]  Y. Weng, D. Xu, Y. Zhang, X. Li, and S. T. 

Wu, “Polarization volume grating with high 

efficiency and large diffraction angle,” 

Optics Express 24(16), 17746 (2016). 

[3]  X. Xiang, J. Kim, R. Komanduri, and M. J. 

Escuti, “Nanoscale liquid crystal polymer 

Bragg polarization gratings,” Optics 

Express 25(16), 19298 (2017). 
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Fabrication and Characterization of Liquid Crystal Elastomers using  

Liquid Crystal and Polymer Composite Films  

(s05211036)*  

*s05211036@thu.edu.tw 

 

M. Yamada

[1]

Trimethylolpropane triacrylate (TMPTA, 

) (HTW114200-100, 

) IRG 184, )

(Polyimide, PI)

UV

(a)           (b) 

(a)

(b)
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[1]  M. Yamada, M. Kondo, J. I. Mamiya, Y. Yu,  

M. Kinoshita, C. J. Barrett, and T. Ikeda, 

“Photomobile polymer materials: Towards  

light-driven Plastic motors,” Angew. Chem.  

Int. Ed. 47, 4986 (2008). 
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(S06210004)  

:  *Email: kc8711213@gmail.com
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[1]  Fly Circuit   (http://www.flycircuit.tw/) 

[2]  Chi-Tin Shih, Nan-Yow Chen, Ting-Yuan Wang, 

Guan-Wei He, Ting-Kuo Lee, & Ann-Shyn 

Chiang.NeuroRetriever: Automatic neuron 

segmentation for connectome assembly.under 

preparation,2019

[3]  Goodfellow I, Bengio Y, Courville A, et al. Deep 

learning[M]. Cambridge: MIT press, 2016.

[4]  Zeng, H., Sanes, J. Neuronal cell-type 

classification: challenges, opportunities 

and the path forward. Nat Rev Neurosci 18, 

530 546 ,2017
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Validation Data: 
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Optimizer: Adam 

Loss function: categorical cross entropy
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[1]  

[2]  

[3]  
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Random walk
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Linux
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[2] 

[3] 

[4] 
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 ising model  

(S05211007) 

:   

Email:S05211007@thu.edu.tw 
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[1] Juan Carrasquilla and Roger G. 

Melko: Machine learning phases of 

matter(2017) 

[2]Arsenault,L.-F. ,Lopez-Bezani 

lla, A., von Lilienfeld, O. A. 

&amp;Millis,A. J. Machine learning 

for many-body physics: the case of 

the Anderson impurity model. Phys. 

Rev. B 90,155136(2014). 

[3] Kalinin, S. V., Sumpter, B. G. 

&amp;Archibald,R.K.Big-deep-smar 

t data in imaging for guiding 

materials design. Nat. Mater. 

14,973 980(2015). 
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 Ising Model  

 (S05212032) 

  

 Email S05212032@thu.edu.tw 
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[1]  Juan Carrasquilla and Roger G. Melko: 

Machine learning phases of matter(2017) 

[2]  Avella, A. & Mancini, F. Strongly 

Correlated Systems: Numerical 

Methods(Springer Series in Soild-State 

Sciences, 2013) 

[3]  Kalinin, S. V., Sumpter, B. G. 

&amp;Archibald,R.K.Big-deep-smart 

data in imaging for guiding 

materials design. Nat. Mater. 

14,973 980(2015)
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Bi1-xPrxFeO3  

Effect of Pr substitution on the structure, nanomechanical and multiferroic 

characterizations of Bi1-xPrxFeO3 polycrystalline films 

:S06210008  

:  

Email:S06210008@thu.edu.tw 
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1. ( )Bi1-xPrxFeO3 XRD

Bi1-XPrXFeO3 SEM AFM  

 

( ) BPFO

2Pr 25-125 µC 

/ cm2 Ec 310-590 kV / 

cm  Pr

Pr
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xPrxFeO3 Pr

0 0.15 3.6
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Fe-O-Fe Fe-O-
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xPrxFeO3 M-H  

 

J-E

Pt / BFO BFO

2Pr Pr Bi

Pt / 

BPFO

 

 
3. Bi1-xPrxFeO3 J-E  

 

 

x = 0.00-0.15 BPFO

Pr

BPFO

x = 0.05-0.15 BPFO

2Pr 56-125 µC / cm2 Ec

310-453 kV / cm

BPFO

(8-18 emu / cm3) Fe-O-Fe

Pr 3+  
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(2009) 104111. 

[3]  S. Y. Yang, L. W. Martin, S. J. Byrnes, T. 

E. Conry, S. R. Basu, Appl. Phys. Lett. 95 

(2009) 062909. 

[4]  K. Yin, M. Li, Y. Liu, C. He, F. Zhuge, B. 
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Hf0.5Zr0.5O2  

Structure and ferroelectric properties of sputtered Hf0.5Zr0.5O2 films 

on glass substartes 

 
 T.Y. Tseng (S06210017)* 

C.R. Wang( )1, H.W. Chang( )2* 

 *Email: Kcf300046@gmail.com 
 

 

Hf0.5Zr0.5O2(HZO) Pt

HZO HZO

Ar 70 mTorr 100 W 10 nm HZO

500 650  600  

HZO (111)/ (011)

100 W 600 

62 C/cm2 50 C/cm2[3]  
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10 nm [1]

Si Y Al Sr

Zr

Hf0.5Zr0.5O2(HZO)

(FeRAM)

 

(atomic layer deposition, ALD)[2]

(chemical vapor deposition, CVD)
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: C N2…

TiN

Pt

HZO

 

 

HZO

 

 

 

20 nm

Pt

10 nm Hf0.5Zr0.5O2 (HZO)

50 nm Pt

Pt HZO

5.0×10-7 Torr HZO

7.0×10-3 Torr

80 W 120 W

500 650 

(TF 

Analyzer) 1 kHz 
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(polarization-electric field, P-E) X

(X-ray diffractometer, XRD)
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HZO Pt

X-ray HZO
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[1]  Böscke et al., Appl. Phys. Lett. 99, 

102903.(2011). 

[2]  Wei, Y., Nukala, P., Salverda, M., Matzen, 

S., Zhao, H. J., Momand, J., … Noheda, B. 

Nature Materials.doi:10.1038/s41563-018-
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[3]  S.J. Kim et al., Appl. Phys. Lett.112,172902, 

(2018).
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Ni80Co20  

Magnetic properties and anisotropic magnetoresistance in 

Ni80Co20 thin films 

 
 :S06210020  

:  

 Email: S06210020@thu.edu.tw 
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: Ta/ Ni80Co20 (100 nm)/Ta

 

 

: Ta/ Ni80Co20 (100 nm)/Ta

 

 

( ) Ta/ Ni80Co20 (100 nm)/Ta

AMR
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250°C 3.65%  

 

: Ta/ Ni80Co20 (100 nm)/Ta

AMR  

    

 

NiCo(100 

nm)
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Ta/Ni80Co20 (100 nm)/Ta 250 °C
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TEM
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CoFe / MnN  

: (S06210029)* 

:C.R. Wang( ), H.W. Chang( )* 

*Email:S06210029@thu.edu.tw 

 

 

NdFeB 350 Oe SiO2 / Si 100

10 nm Ta 5 nm CoFe 20 nm MnN CoFe/MnN

MnN/CoFe 1.5 kOe T = 300-450 MnN/ 

CoFe CoFe/MnN EB HE (AF)

T = 375 CoFe / MnN HE(560 Oe)

0.47 mJ / m2  

 

 

(EB)

 [1]

EB AF

KAF TN

 [2] MnN

RT MnN AF

-MnN [2] TN

660 K

[2]  

EB HE FM AF

[3]

1.5kOe

300-450 MnN / CoFe MnN

CoFe / MnN MnN

MnN

 

 

 

5×10-7 torr 350 Oe

10 nm Ta

CoFe(5 nm)/MnN(20 nm) MnN(20 nm) / 

CoFe(5 nm) MnN

N2(g):Ar(g)=1 1

3 nm Ta

5×10-6 torr 300- 450 

15 2 kOe

RT AF X

XRD

AGM AFM

 

 

 

-MnN 002 CoFe Ta

MnN/CoFe CoFe/MnN T

MnN 002

MnN/CoFe T 350-

Mn4N Mn MnN T = 450 

Mn4N CoFe / MnN

300- RT T = 400 

Mn4N Mn MnN

Mn  
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 (a)MnN / CoFe  (b)_CoFe / MnN

XRD  

 
a b  

a  MnN / CoFe

HE RT 32 Oe 165 Oe

EB CoFe / MnN
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Bi0.95R0.05FeO3 (R = La, Pr, Nd, Sm, and Ho) 

Multiferroic properties of Bi0.95R0.05FeO3 polycrystalline films on the glass 

substrates (R = La, Pr, Nd, Sm, and Ho) 
(S06210042) 

 

Email  amysung0356@gmail.com 

 

PLD Bi0.95R0.05FeO3 BRFO R = La Pr Nd Sm Ho

450 °C 20 nm Pt  XRD

BRFO BRFO

2Pr 60-120 C/cm2 180-300 kV/cm

4.9-17.8 emu/cm3 400-600 Oe
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[1]J. Wang et al., Science,299,1719 (2003).   
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FexPt100-x x = 60-66  

High energy product FexPt100-x thin films (x = 60-66) prepared by rapid thermal 

annealing 
 C.R. Yang (S06210049)*, 

 C.R. Wang( )1 H.W. Chang( )2* 

 *Email: S06210049@thu.edu.tw 
 

 

    FexPt100-x x = 60-66 L10 L12

300-600 oC FexPt100-x

A1 L10 L12 Fe60Pt40 300 oC

20.8 MGOe BH max 6.1 kOe Hc 500 oC
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FePt Fe Fe3Pt

L10 FePt Fe
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Fe-Pt L10 L12

Ku

FexPt100-x

Hc = 5.7 kOe BH max = 26.0 MGOe  

 

    Fe-Pt 99.99%

Fe50Pt50 Fe RT

Si(100) (SiO2/Si(100))

30 nm FexPt100-x x = 62-68

2 × 10-7 torr 10 mtorr
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Ta 300-600 oC 10

40 oC/sec FePt

X

X XRD
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60-66

111

Fe Ta 111
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L10 Fe L12-Fe3Pt
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[1] C.Y. Shen, H.W. Chang, F.T. Yuan, M.C. Lin, 
C.C. Su, H.H. Yeh, M.F. Huang, C.R. Wang, C.W. 
Shih, and W.C. Chang, Appl. Surf. Sci. 313, 755 
(2014). 
[2] C.Y. Shen, H.W. Chang, F.T. Yuan, C.C. Su, 
Y.W. Wang, C.L. Fan, C.R.Wang, C.W. Shih, 
and W.C. Chang, J. Phys. Chem. Solids 98, 143 
(2016). 
[3] J.P. Liu, C.P. Luo, Y. Liu, and D.J. Sellmyer, 
Appl. Phys. Lett. 72, 483 (1998). 
[4] X. Rui, J.E. Shield, Z. Sun, L. Yue, Y. Xu, D. 
J. Sellmyer, Z. Liu, and D.J. Miller, J. Magn. 
Magn. Mater. 305, 76 (2006). 
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      Co/MnPt MnPt/Co  

Comparison on the structure and exchange bias in Co/MnPt and MnPt/Co 

polycrystalline films on glass substrates 

:S05211012  

:  

Email: s05211012@thu.edu.tw 

Co 5 nm / MnPt 20 nm MnPt/Co T
XRD TEM MnPt Co/MnPt
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XRD MnPt
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oC HE MnPt/Co
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a b
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[1] J. Nogues and I. K. Schuler, “Exchange bias,” 
J. Magn. Magn. Mater. 192, 203 
(1999). 
[2] R. Y. Umetsu, et al., Appl. Phys. Lett. 89, 
052504 (2006). 
[3] H. W. Chang, et.al., Surf. Coat. Technol. 303, 
148(2016). 
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1 

ITO/(Bi,Nd)FeO3  

:  S05211013 

:     

Email: s05211013@thu.edu.tw 

: 

(PLD) ITO/Bi1-XNdXFO3(BNFO)  Pt glass
X 200 nm BNFO 20 

nm Pt X 0.2 BNFO (110)
Pt BNFO X X
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mW/cm2 Pt 40 nm VOC = 2.74 mV  Jsc= 7.91 A/cm2  
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2 Tg Bi1-xNdxFeO3  
(X=0.03 0.05 0.20)  (a) (b)

 

 
2

3%

278 mW/cm2 Voc =2.08 
mV  Jsc=28.83 A/cm2  
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[1]  T. Choi, S. Lee, Y. J. Choi, V. Kiryukhin, S. 
W. Cheong, Science, 324, 63-66 (2009). 

[2]  C.-S. Tu et al. Acta Mater. 149, 248 (2018). 
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1 
 

Cu FePd  

Coercivity enhancement of FePd thin films with the diffusion of Cu top layer 
 
(S05211018)  

 
Email onepiece861008@gmail.com 

 
 

: 

Cu FePd FePd Cu
Cu L10-FePd 2.8 kOe 4.6 

kOe FePd Cu
FePd Cu FePd

-  

 
 

: 

        L10-FePd
(Ku, >107 erg/cm3)

 
        L10-FePd

FePd
:

[1] -
(pinning)[2] [3]

L10-FePd (Hc)

FePd
FePd

FePd  
 

: 

FePd
50:50

30 nm (Corning)
(Ta = RT ~ 725 oC)

RT ~ 700 oC
FePd

A1 (face center 

cubic, fcc) L10 (face center tetragonal, 
fct) 700 oC

FePd fct
fcc Cu
5 nm (Td = RT ~ 525 

oC)  
        

(AFM) X
(X-ray Diffraction)

(AGM)  
 

: 

        
XRD (a)

FePd
FePd

FePd 600 oC
(111) 41.06

FePd 650 oC
600 oC

600 oC  (111)
41.09

fcc
fct FePd 700 oC

(111) 650 oC
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2 
 

       (b) FePd Cu
FePd 675 oC

(111)
fcc fct  
 

 
 XRD (a) FePd

RT ~ 700 oC (b) Cu/FePd(675 oC) RT ~ 

525 oC  

 
        

(a) FePd
3.2 kOe (b) Cu/FePd(675 

oC) 2.8 kOe 4.6 kOe  

 
 (a)

FePd RT ~ 700 oC (b) Cu/FePd(675 oC)
RT ~ 525 oC  

 

 
 

(Td)  

         

        Cu/FePd
(M) Td

(Hc) (BH(max)) Td

 
        Cu/FePd(675 oC)

( [2])

(pinning)  

 
 Cu/FePd(675 oC) 350 oC ~ 525 oC

 

 
: 

        FePd fcc
fct

FePd (Ta = RT ~ 725 oC)
Cu (Td = 

RT ~ 525 oC)
Cu

FePd FePd
Cu/FePd(Ta = 675 oC)

525 oC 4.6 kOe(
FePd )

Cu FePd
550 oC

:

 
: 

[1] K. Matsumoto et al., Nanoscale Adv. 1, 2598 
(2019). 
[2] C.H. Hsiao et al., APL 107, 142407 (2015). 
[3] H.W. Chang et al., J. Alloy. Compds. 648, 980 
(2015). 
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Co/NiMn  

Structure and magnetic properties of  Co/NiMn thin films 

:S05211021  

:  

Email: s05211021@thu.edu.tw 

: 

 Co/NiMn/Ta  100-150 °C  4
 1 kOe Ni Mn

NiMn(111)
100 °C  HE= 86 Oe Ni Mn

1:1 NiMn
 

     
: 

NiMn IrMn OsMn
PtMn FeMn [1] NiMn

NiMn L10

 L10-NiMn
 F.C.C 

F.C.T [2]  
Co/NiMn/Ta

NiMn

: 

( )
5×10-7 Torr 5 sccm

 
3 nm Ta 30 nm NiMn 5 
nm Co -

4  1 kOe
(AGM)

XRD(X-ray Diffraction)

(AFM)
 

 
: 

Ta/Co/NiMn/Ta

NiMn F.C.C
Co

 
 

 
 Ta/Co/NiMn/Ta

 
 

  Ta/Co/NiMn/Ta

2 mT NiMn
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NiMn Co
NiMn F.C.T

HE=86 Oe
HC=10 Oe  

 

 
 Ta/Co/NiMn/Ta

 
 

Ta/Co/NiMn/Ta NiMn
60 W 2 mT

NiMn  60 W
86 Oe 50 Oe

30 W

 

 Ta/Co/NiMn/Ta NiMn
60 W 2 mT

 
 

Mn 3 
mT  75 

Mn Ni Mn
1:1 L10-NiMn

86 Oe

126 Oe NiMn F.C.T

 
 Mn 3 mT  75 

 
 

: 

1. 2 
mT 75-

 83-86 Oe 

NiMn F.C.C F.C.T
 

2. NiMn 60 W
30 W

30 W
 

3. Mn Ni Mn
1:1 NiMn

3 mT
126 Oe

NiMn  F.C.C  F.C.T 

Mn
86 Oe

126 Oe  
4.  

 

[1] M. J. Carey et al., J. Appl. Phys. 89, 11, 
(2001) 

[2] Boyer, Timothy H. "The Force on a 

Magnetic Dipole". American Journal of 

Physics. 56 (8), 688(1988). 
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1 

ZrO2  

Structural and ferroelectric properties of ZrO2 thin films 

 

S05211022  

 

Email: s05211022@thu.edu.tw 

ZrO2 500- 5 20
40 nm Pt ZrO2 ZrO2 50-300 mTorr

111 Pt ZrO2 380 nm ZrO2

1064 nm 100 mTorr 111
355 532 1064 nm ZrO2 1064 

nm 380 nm ZrO2 (111)
2Pr 29.8 C/cm2 Ec 535.6 kV/cm  

 

ZrO2

[1] (Hf,Zr)O2

ZrO2 2011 10 
nm Si HfO2

ZrO2 HfO2

(PLD) ZrO2

Pt
ZrO2  

(ALD)
ZrO2 Park[2] Starschich[3]
(ALD) (Hf,Zr)O2 ZrO2

 
(PLD)

ZrO2

ZrO2

 
 

 

Pt
Pt 5 nm 20 nm 40 

nm 500-700 °C PLD
355 nm 532 nm 1064 nm ZrO2

XRD TF 2000  
 

 

1 Pt (500-700 
°C) 380 nm ZrO2 XRD

1 (500-600 °C) Pt
Pt

 

 

1 Pt (500-700 °C)
380 nm ZrO2 XRD (a)5 nm (b)20 

nm (c)40 nm 
 

1 Pt (500-700 °C)
380 nm ZrO2  
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2 

2 (500-700 °C)
380 nm ZrO2 XRD

3
50 mTorr 300 mTorr

ZrO2 (111)
ZrO2  

 
2 (500-700 °C) 380 

nm ZrO2 XRD (a)500 °C (b)600 °C 
(c)700 °C 
 

2 (500-700 °C) 380 
nm ZrO2  

 
 3 (355 nm 532 nm 1064 
nm) 380 nm ZrO2

 
3 (355 nm 532 nm 1064 nm)

380 nm ZrO2  

 

 
 

 
 
 
 

 
 
 

3 380 nm ZrO2 100 mTorr 600°C
Pt  

 

3 380 nm ZrO2 100 mTorr 600°C
Pt 1064 

nm 100 mT 600 °C
2Pr 29.8 C/cm2 Ec 535.6 

kV/cm Zhen Fan [4] 2Pr 6.7 
C/cm2 Ec 2.08 MV/cm

ZrO2 P-E

 
 

 

PLD 20 nmPt(111)/
ZrO2 1064 nm

380 nm ZrO2

600°C 100 
mTorr (111) 2Pr

C/cm2 Ec 535.6 kV/cm
ZrO2

380 nm

1064 nm

 
 

[1]. B. T. Matthias. Phys. Rev. 75, 1771 (19
49). 

[2]. Min Hyuk Park, et al. Phys. Lett. 102, 2
42905 (2013) 

[3]. S.W. Smith, et al. APL 110, 072901 (20
17) 

[4]. Zhen Fan, et al , APL 108,012906 (2016). 
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FePt  

Magnetic properties and stress of FePt thin films 
(S05211030)* 

:   

 *Email: S05211030@thu.edu.tw 
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[1] K. Watanabe, H. Masumoto, Trans. Jpn. Inst. 

Met. 24, 627 (1983). 

[2] S.N. Hsiao, F.T. Yuan, H.W. Chang, H.W. 

Huang, S.K. Chen, H.Y. Lee, Appl. Phys. Lett. 

94, 232505 (2009). 
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Fe100-xSix  

Structure and magnetic properties of Fe100-xSix thin films (x=25-67)  

:S05211040  

:  

Email: s05211040@thu.edu.tw 

: 

  (PLD) Fe100-xSix (x=25-67)

Fe100-xSix (x=25-67)

Fe75Si25 Hexagonal Fe75Si25 220

220 M–H

RT 1.5Oe 500oC 1 Oe

700 oC 3.5 Oe   

: 

(Diluted magnetic semiconductors, 

DMS) 1 [1]

(transition metals, 

TM)

[1] 

;

/

; Si  

(PLD) Fe100-xSix 

(x=25-67)

Fe100-xSix (x=25-67)
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  Fe100-xSix (x=25-67)

5×10-
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Fe100-xSix

X

 

: 

1 Fe75Si25

XRD Fe75Si25
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[1] Phys. Rev. Lett.,(2008)100,047206 

[2] L. ThanhVinh, J. Chevrier, J. Derrien, Phys. 

Rev. B46 1992 . 15946. 
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- Fe81Al19  

Outstanding magneto-mechanical properties of Fe81Al19 alloys prepared by 

directional solidifion 

:S05211042  

:  

Email: s05211042@thu.edu.tw 

: 

Fe81Al19 - Q

A/L T Fe81Al19 (011) Fe81Al19 6% E 
effect 10% 82ppm 94 ppm Fe81Al19

(011) Fe81Al19 -
(d /dH E/E0)  

 
: 

( giant 
magnetostriction ) 

[1-2] Fe-Al

Terfenol-D FeAl

Fe-Ga

Fe-Al  
: 

 
1.  

1.  

 

 

.......(1)  

  K
Fe81Al19

DS-1 DS-2 DS-3  

Fe81Al19 Fe-Al

(directional solidified) [3]
30*12*0.5 mm3

RFDA
MS-meter

XRD  

  r 
(mm) 

L 
(mm) 

A/L 
(mm) 

T 
 

DS-1 12.6 34.5 36.4 <1480

DS-2 12.6 34.5 36.4 1480 

DS-3 8.0 60.0 13.4 1480 
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[1] J. Atulasimha and A. B. Flatau, Smart Mater. 

Struct. 20, 043001 (2011). 

 [2] O.Ikeda, R. Kainuma, I. Ohnuma, K. 

Fukamichi, and K. Ishida, J. Alloys Compd. 347, 

198 (2002).  

[3] Srisukhumbowornchai et al., J. Appl. Phys. 

90, 5680 (2001). 

[4] R.C. Hall, J. Appl. Phys. 30 (1959) 816. 
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:  

:  

 Email: s05212007@thu.edu.tw 
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[2]

 

[3-7]  

[8-10]
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(s05212023) 
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[1][2]

(GF 2) ( <5 )

:

: Darren J. 

Lipomi 2011

150%
[3]  Shu Gong

2014 1.14Pa
-1

5*5

(13~50000Pa)
[4]  Wen Cheng 2018

S~8.2/kPa

0.1Pa [5]
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Doppler shift frequency. [1] 
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