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Structure and magnetic properties of
300-nm-thick FePt films with Hf underlayer

C.Y. Shen?, Y.W. Wang®, HW. Chang*, C.R. Wang®
@ Department of Electrical Engineering, Hsiuping University of Science and Technology, Taichung 412, Taiwan
b Department of Applied Physics, Tunghai University, Taichung407, Taiwan

; Experiment
Introduction « In the past decades, L1, FePt is one of the P
permanent magnetic materials that have S

received considerable attention. Outstanding

hard magnetic properties in thin film form.

* In permanent magnetic applications, the
performance of a magnetise valuated by
energy product (BH),.., which denotes the
stored energy density.

+ Inthe case of FePt, adding appropriate B and
Co contents into FePt alloys was helpful in

, developing the isotropic.

° ¢ * Multilayer, deposition Exchange coupled
Magnetic Targeted Carriers (WTCs) FePt/Fe bilayer films and FePt-Fe,Pt
@h’;ﬁ_@ g, nanocomposite films were reported to
MiG P improve (BH),,.,. Grain refming by
annealing control, strain/stress engineering,
underlayering, anddoping were also found to
significantly increase (BH),,, of FePt films.
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Conclusons
+ At as-deposited state, two series of films were disordered exhibiting similar saturation magnetization and low Hc below 0.3 kOe.
& (BH) of FePt films was greatly enhanced from 5.0-21.0 MGOe for single layer to 10.2-23.6 MGOe for Hf-underlayered films annealed in Ta range of 400-600 ° C, respectively.

+ Nevertheless, the severe interdiffusion between the Hf and FePt layers at higher Ta = 800 °C resulted in the decreased S, coarsened surface morphology, grain and magnetic domain sizes,
causing decreased (BH),
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Effect of swelling of a photoresist on electromagnetic
resonance of terahertz metamaterials

Chia-Yi Huang' and Chia-Chun Chen(ix{ )
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high reliability, low cost, and ease of fabrication.

Abstract
This work uses isopropyl alcohol (IPA) to develop a photoresist. IPA dissolves the photoresist that is not exposed to UV light. The
swelling of the photoresist distorts the split-ring resonators (SRRs). The distorted SRRs have a larger loop length, smaller line width, and
smaller split gap than undistorted SRRs. The change in the dimensions of the SRRs is caused by the extension of the SRR arms in their
longitudinal directions. The resonance frequency of the distorted SRRs is smaller than that of the undistorted SRRs, and the resonance
frequency decreases with the development time. The resonance frequency of the distorted SRRs depends on not only their dimensions,
but also the bending of their arms. The distorted SRRs in this work have a frequency tuning range with a maximum width of 0.13 THz.
The method that is proposed herein uses IPA to fabricate passively tunable terahertz metamaterials, which exhibit the advantages of

A

Sample Fabrication

Figure 1 presents the process for fabricating test samples. Identical polyester (PLT) substrates
with a thickness of 175 pm are used. A 200 nm-thick silver film and a 5 pm-thick PR layer
(ENPI202, Everlight Chemical Industrial Co.) are sequentially deposited on each PET subsirate.
A split-ring resonator (SRR) array on a photomask is transferred onto the PR layers under UV
irradiation. After the PR layers have been irradiated with UV, they are baked at 100°C. The
baked PR layers are then developed using isopropyl alcohol (IPA) rather than the specific
developer of the PR. This development process scts this work apart from previous studics of
metamaterials . The test samples have different development times: 45, 90, and 135 min. After
they are developed, the est samples are immersed into a metal etchant (E-CHEM Enlerprise
Co.) to etch the silver layers. The etching time of each sample is approximately | s,

e YV Heat
@,

Test sample [y Exposwre & Baking

s |8
Distorted SRR ¢ ‘Elching(';! D

BN PET O3 Ag O3 PR [ Mask
Fig. 1. (a) Fabrication of test samples

Experimental Results (I)

Figure 3 presents the terahertz spectra of the reference sample, test samples that underwent
PEB at 100°C and were developed for 45, 90, and 135 min, and a test sample that underwent PEB
at 95°C and was developed for 45 min. These spectra are obtained using a commercial terahertz
spectrometer(TPS 3000, TeraView), and the polarization of normally incident terahertz waves is
set parallel to the x axis, as presented in Fig. 1(b). The resonance peak of the reference sample is
at 0.65 THz, and the resonance peak of the test sample that underwent PEB at 100°C and was
developed for 45 (90) min is at 0.63 (0.57) THz. This result depicts that the resonance peak of the
test sample that was developed for 45 (90) min is redshifted by 0.02 (0.08) THz. The redshifts of
the spectra of the test samples arise from the increase in the loop length of the SRRs, the
decrease in their line width , and the decrease in their split gap. This result reveals that a test
sample reaches its minimum resonance frequency as it is developed for a particular development
time. Therefore, a development time of 90 min yields a larger frequency tuning range than
development times of 45 and 135 min at a PEB temperature of 100°C. The resonance frequency
(0.52 THz) of the test sample that underwent PEB at 95 C is redshifted from that (0.65 THz) of the
reference sample, as displayed in Fig. 3. Therefore, this test sample has a frequency tuning range
with a maximum width of 0.13 THz herein. The distorted SRRs can be used to develop passively
tunable terahertz devices such asoﬁlters, absorbers. sensors, and spectral imagers.
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Tig. 3. Experimental spectra of the reference sample, test samples that underwent PEB
at 100°C and were developed for 45, 90, and 135 min, and test sample that underwent
PLB at 95°C and was developed for 45 min.

Experimental SEM

Figures 2(f )-2(h) display the scanning electron microscope (SEM) images of the reference
sample, the test sample that was developed for 45 min, and the test sample that was
developed for 90 min, respectively. The results in Figs. 2(f }=2(h) reveal that IPA can be used
to distort the SRRs in the test samples. The distortion of the SRRs is caused by the swelling
of the PR in IPA. A relatively low post-exposure baking (PEB) temperature of 95°C is applied
to a test sample to increase the distortion of SRRs. the PR layer that underwent PEB at 95°C
and was developed for 45 min is softer than the PR layer that underwent PEB at 100°C and
was developed for 90 min.

Fig. 2. SEM images of {f ) reference sample, test samples that underwent PEB at 100°C and were
developed for {g) 45 and (h) 90 min, and (i) the test sample that underwent PEB at 95'C and was
developed for 45 min.

Experimental Results (IT)

A simulation is performed using computer simulation technology (CST) software to verify
the dependence of the resonance spectra on the dimensions of the distorted SRRs.

As the arms of the distorted SRRs are bent, the consequent shift of the resonance spectrum
is caused not only by the asymmelric electrical coupling but also by the change in the areas
that are enclosed by the distorted SRRs. The electromagnetic resonance of an SRR can be
treated as a simple ind B i r The resonance freq (f) of the
SRR is given by the cquation f = 1/27 VL, where C is the capacitance of the split gap of
the SRR, and L is the inductance of the loop of the SRR and is dircetly proportional to the
area (hat is enclosed by it. The equation reveals that the outward (inward) bending ol the
arms ol’an SRR increases (reduces) the enclosed area. 1 ing ( ing) its inductance,
resulting in a redshift (blueshift) of its resonance spectrum. Accordingly, both the
asymmetric electrical coupling and the change in the enclosed area shift the resonance
speetrum of the distorted SRRs as their arms bend.
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Fig. 4. Simulated units of (a) the reference sample and (b) the test sample that
underwent PEB at 100°C and was developed for 45 min. (c) and (d) Simulated units
of the test sample that underwent PEB at 100°C and was developed for 90 min. (e)
Simulated unit with the same dimensions as that in (d) but with its bottom arm
(inside a red dashed frame) bent inward toward the geometrical center of the
simulated unit. (f ) Simulated spectra of SRR arrays, each of which comprises one of
five simulated units. The inset presents a simulated unit constructed from small
circular disks. (g) Current flow distribution of the SRR array that comprises the SRR
unit in {d). (h) Current flow distribution of the SRR array that comprises the SRR unit
in (e).

Conclusion e
@ the distorted SRRs arc fabricated by the swelling of'a PR in IPA during its development.
® The resonance spectrum of the distorted SRRs is redshifted from that of undistorted SRRs, and the spectral redshift increases with the development time.
® The simulated results reveal that the resonance frequency of the distorted SRRs depends not only on their dimensions, but also the bending of their arms.
® The distorted SRRs in this work have a frequency tuning range with a maximum width of 0.13 THz. Therefore, the distorted SRRs can be used to develop passively

e tunable terahertz metamaterials. /
' )
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Observation of charge coupling in InGaP/InGaAs/Ge triple-
junction solar cells by electric modulus spectroscopy
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Abstract
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Structure and Ferroelectric Properties of Sm-doped
BiFeO; Polycrystalline Films
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L INTRODUCTION |
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glass substrates prepared by pulsed laser deposition at 450 °C: Bi, Sm FeO; (a) x = 0.05 (b)
] ® Electrlc x=0.10 (¢c) x =0.14 .(d) x = 0,16 on Pt 20 nm on the glass substrates prepared by pulsed laser
F'E'd deposition at 450 °C
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XRD SEM TF analyzer 2000 nm on the glass substrates prepared by pulsed laser deposition at 450 °C

ILRESULT AND DISCUSSION IV . CONCLUSIONS

*XRD structural analysis shows that a pure perovskite phase is

[<riin present for all BSFO films prepared by pulsed laser deposition:

rhombohedral structure for BFO with x = 0.05-0.14, but

orthogonal structure appear to coexist with rhombohedral for

higher x =0.16.

+ Due to a smaller ionic radius for Sm* (0.964 A) than Bi** (1.03

. L A), Sm substitution for Bi shrinks the BSFO lattice.

® 23'"rhefa(degree) s o 2"}‘hestsa(d‘e"gre‘é) .o « SEM analysis shows that all Pt bottom electrodes exhibit flat
( d) surface with large Pt(111) grain, on the other hand, the size of

(0.16)BSFO BFO grain is reduced with increasing Sm content.

REER: *The studied BSFO films prepared by pulsed laser deposition at

450 °C shows a good ferroelectric properties, and polarization

and coercive field induces reduced with increasing the Sm

concentration.

*For higher Sm content, BSFO thin films showed antiferroelectric

i S e s = behavior due to the appearance of orthogonal structure.

2Theta(degree) ) © 7 2Theta(degree)  The experiment will still continue be studied.
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FIG. L. XRD images of Bi; ,Sm FeOj; (a) x = 0.05 (b) x =0.10 .(¢) x = 0.14 .(d) x = 0.16.
at 450 °C on various Pt thickness on the glass substrates.
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‘ Abstract

! A liquid crystal polymer (LCP) film comprises a nematic LC (HTW114200-100, Fusol Material), monomer

~ (RM-257, Sigma-Aldrich) and photoinitiator (IRG-184, Sigma-Aldrich). The LCP film is rolled into a hollow ‘
cylinder. The hollow cylinder is put in a terahertz spectrometer. Experimental results reveal that the hollow cyl-
inder can confine and guide terahertz waves. As a result, the rolled LCP film can be used to develop terahertz
waveguides. |

Introduction

Using polymer-stabilized liquid crystal, since the network structure formed by the polymer liquid crystal can
stabilize the nematic liquid crystal, in the high concentration polymer-stabilized the nematic liquid crystal can
be polymerized into a thin film. This polymer film have capability to align the LC molecules and can polarized
light because of the birefringence of LC molecules. By adding additional electric field, LC molecules will
change its align direction so that light penetrates or can not penetrate. Under the terahertz wave, we expect that
the change of the liquid crystal direction can be taken as the terahertz guide wave . It is possible to absorb or
directly penetrate the terahertz wave because of the liquid crystal axis when the voltage is not applied or be ap-
plied. Roll the film into a hollow cylinder for the liquid crystal array in long strings, making terahertz waves ir-
radiated to the film will feel the liquid crystal is a thickness rather than just a liquid crystal molecules.

Fabrication

. mw
UV light: 10 =2

Spacer: 12m=> [ p—

PI=>

/<4
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The Investigation of Polyethylene Terephthalate Substrate

with Different Incident Angle of Terahertz Beam

Chun-Chien Huang (55445FF ), Chee-Chao Lee (£ £ #8) and Chia-Yi Huang* (558 £%)
*chiayihuang@thu.edu.tw

Department of Applied Physics, TUNGHAI UNIVERSITY, Taichung, Taiwan.

Abstract

Polyethylene terephthalate (PET) is commonly used to act as the substrates of plasmonic structures because its transmittance is high
at the terahertz regime. In this study, terahertz waves are incident to a PET substrate with an area of 2 cm x 2 cm. The normal axis of the
substrate is set to be perpendicular to the propagation direction of the waves, and makes an angle of 8 with respect to the electric field of

the waves.

As 0= 16° (-14°), the PET substrate has a transmission dip at 0.6423 THz (0.7271 THz), and the transmittance at the dip is —95.18
dB (-84.08 dB), as presented in Fig. 2. Such transmittances are lower than the resonance transmittances of terahertz metamaterials. This
result cannot be found in polycarbonates and polydimethylsiloxane substrates. As a result, the PET substrate is a high-performance band-

stop filter at the terahertz regime.

Experiment

Cut the Polyethylene terephthalate (PET) substrate in to two
different sizes, which is 2 cm x 2 cm and 2 cm x 3 cm, then flat-
ten it by heating at 80 degree Celsius for 20 minutes, and let it
down to room temperature. Place PET substrate on THORLABS
High-Precision Rotation Mount which combined in TeraView
TPS Spectra 3000, the terahertz transmission spectrum is meas-
ured.

During the experiment, the substrate is set to perpendicular
the propagation direction of the waves, the angle between propa-
gation direction of the waves and PET substrate is defined as 6.
When PET substrate’s long side is parallel with propagation di-
rection of the waves, # = 0°. When the PET substrate is set de-
flected to the right and left, respectively represent it as § and 6
(As shown in Fig. 1).

0o ( 0 i G
(a) (b)

(c)
Fig. I. Mcasurcment of PET substrate inside TeraView TPS Spectra 3000,
(a) PET substratc parallcl with propagation dircction of the waves (6= 0°);
(b) PET substrate deflected to right (+0);
(c) PET substrate deflected to left (-0).

Analysis

The transmission peaks of PET substrate 2 cm x 3 cm with 6= 8°10” and 6= -10° were overlapped, st
but this phenomenon do not appeared in the PET substrate of 2 cm x 2 cm.

As PET is birefringence material, optical axis of PET substrate can be fixed to perpendicular with
propagation direction of the waves. In this situation, the frequency of transmission dips will overlap in

6 and &, as shown in Figure 3.

The phenomena in this study is due to the destructive interference of terahertz wave. In Fig. 1, the

Results

By rotating the mount when measuring the transmission
spectrum, the signals of PET substrate in specific frequency will
appear.

As shown in Fig. 2(a), when the angle of divergence with the
PET, 6 are 16° and -14°, a strong transmission dip appear in te-
rahertz transmission spectrum. At this time, the frequency of te-
rahertz spectrum are 0.6423 THz and 0.7271 THz, and the trans-
mittance are -95.18 dB and -84.08 dB respectively.

Similarly, Fig. 2(b) shows the same experiment but changing
the size of PET substrate to 2 cm x 3 cm. A transmission dip at
0.6059 THz and 0.6180 THz is measured, the transmittance at the
dip are about -90.85 dB and -72.22 dB respectively. Each of them
corresponding to different deflection angle which is 6= 8°10 and
0=-10°.

Fig. 2. Graph of Transmittance against Frequency for PET Substrate. In addition,
the sizes of PLT Substrale respectively are (a) 2 cm x 2 cm and (b) 2 cm x 3 cm.

o
oo ]

]
tT s s es e o7 05 0 ic

Fezusrey Mz}

wave spot of 6 mm will split to two parts. The wave that pass through PET substrate will have a bigger Iig. 3. Graph of Transmiltance against
optical path length than the wave didn't pass through. By rotating the mount as shown in Fig. 1(b) and = Frequency for 2 cm * 3 ¢m fixed opti-

Fig. 1(c), the optical path difference leads to destructive interference in specific frequency.

Conclusion and Discussion

cal axis PET Substrate.

Tn conclusion, the terahertz spectrum of the PET substrate with 2 cm x 2 ¢cm and 2 cm x 3 cm had a transmission dip in specific de-
flection angle and specific frequency. A blue shift emerged when the long side of PET substrate increases. This characteristic of PET sub-
strate is able to design a similarly high-performance band-stop filter at the terahertz regime which plays an important role in future’s

communications field.

e HAL M A R E
- Liquid Crystals and Metamaterials [.aboratory
| http://lemm.thu.edu.tw/

Keywords: polycthylenc terephthalate; deflected angle; terahertz
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Exchange Bias in Co/OsMn films

M.R. Lin(#k882)!, YW. Wang( £ % %)',CR. Wang(E &4=) ', L W. Chang(3k %.8%)"

'Department of Applied Physics. Tunghai University. Taichung 407, Taiwan
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J. Nogués er al.. J. Magn. Magn. Matcr.. 192 (1999) 203-232
S.S.PParkin e/ al., U.S. Patent No. 6.326.637 B, (Dec. 4, 2001)

Using heat treatment higher than Neel temperature with
an external magnetic field along easy-axis and then
cooling to room temperature is order to align magnetic
dipole moments of antiicrromagnetism (AFN) layer with
ferromagnetism (FM) layer’s.

By field cooling treatment, a promoted exchange bias
(EB) field was observed in some Mn-based AFM
materials with high magnetocrystalline anisotropy such
as PtMn. But limited report on magnetic properties of
OsMn-based EB thin films is available.

In this study, sputter-prepared Co/OsMn films were
investigated. An as-deposited Ta/Co(5 nm)/OsMn(10
nm)/Ta film with 50 Oe Exchange Bias field was
observed without field cooling treatment. And more
detailed study are under going.
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Fig. 1 XRD patterns of Ta(5 nm)/Co(ty)/OsMn(30 nm)/Ta(5 nm)
deposited on (a) glass and (b) SiO, substrates with various tp =3, 5, 7 nm
and field cooling temperature Ty = 2007C, 250°C, 300C .

Hl- (a) 1)
os] 4
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nd W= 180c i0 -
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c
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A (d) / (e) ®
| |
_..ﬂ : ,
i . !
T % o = =

H (Oc)
Fig. 2 Magnetic hysteresis curves of as-deposited (a)(d) glass/Ta/Co(7
nm)/OsMn(30 nm)/Ta (b)(e) SiO,/Ta/Co(5 nm)/OsMn(10 nm)/Ta and (c)(f)
glass/Ta/Co(5 nm)/OsMn(10 nm)/Ta films with high squareness (S > 0.9).

1058 &R KAk F2 | FLLWFLH §

15 T T T T
Under RF power 50 W
Fig. 3 Composition of
Osmium (at.%) of OsMn
films with Ar Pressure
under RF power 50 W. The
useful ranges of Osmium
composition is reported to
be from about 10 to 30
atomic %

769

Os (at.%)

24 28

20

Ar pressure (mTorr)

\y v
Fig. 4 AFM images of (a) glass/Ta(5 nm)/Co(5 nm)/OsMn(10 nm)/Ta(5
nm), (b) SiOyTa(5 nm)/Co(5 nm)/OsMn(10 nm)/Ta(5 nm) and (c)
glass/Ta(5 nm)/Co(7 nm)/OsMn(30 nm)/Ta(5 nm).

* In summary, exchange anisotropy phenomenon was observed in as-
deposited Co/OsMn films with 50 Oe exchange bias field and high
squareness (S > 0.9). Those results contribute a new direction for
choosing materials of spintronic devices. And this results are the only

one data comparable with Parkin’ s study.

XRD patterns show a only one peak nearby 41°. Because of lacking of
database of XRD analysis software, we are not able to discuss the

texture before connecting with NSRRC(F] 4 #5 41 ).

AFM images show that surface roughness is about 0.2 nm to 0.4 nm.
And the higher roughness with lower squareness, that demonstrated
the effect of roughness is important for properties of multilayer

exchange bias films.
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Structure and ferroelectric properties of BiFeO; films
grown on CoPt/Pt bilayer buffered glass substrates

Y.C.Liu(#| § £), H.W. Change(5k %.8#)", C.R. Wang(E §4=)
Department of Applied Physics, Tunghai University, Taichung 407, Taiwan

I. INTRODUCTION
Multiferroic BiFeO; with high remnant polarization about 100 pC/cm?, high ferroelectric Curie temperature (T = 850 °C) and Neel temperature (Ty =370
°C) have attracted increasing interests recently due to their fundamental physical properties and the potential applications in ferroelectric random-access

memories (FeRAM) and oresistive random-access ies (MRAM).

5

Of all developed methods, RF sputtering has many advantages, including high reproducibility with an accurate stoichiometry and easy controlling process,
and therefore it is considered as the most suitable way to prepare thin film with a smooth surfaces and dense structures. In this work, BFO thin films were
prepared by RF magnetron sputtering.

Since L1,-CoPt phase with rhombohedral structure could form on proper Pt underlayer buffered glass substrates, BFO(111) texture is expected to obtained
due to same crystal structure. Accordingly, structure and ferroelectric properties of BiFeOj films grown on CoPt/Pt bilayer buffered glass substrates have

been studied.

Il. EXPERIMENT I1l. RESULTS AND DISCUSSION
(a) BEOL200 amVCoPUS wn VALS i) G lass| (b) _ BEOQU0 manl/CoPy( 10 1) 2US niw)Olas:
_ 425-500 °C _ g _ g
RF-Sputteri ] 3
puttering ‘ ; ;j
CoPt(t nm)/ 2 2 =
7] we| £
Pt(5 nm)/glass § \/\\hi § _\u}\\——
= = g o] E 0%
[ Film Thickness ] K erroelec.mc Microstructure ] as°c M
Properties
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[TFZOOO] [ — J [ e ] 2Thcta(dcgrcz) w2Thetzn(degree)

Fig. 1. XRD patterns of 200-nm-thick BI'O thin films grown on CoPt/Pt/glass bilayver with different theik of

bilayer and various annealing temperature. (a) 200-nm-thick BIO thin film grown on CoPt(3 nm)/Pt(3

nm )/glass. (b) 200-nm-thick BFO thin film grown on CoPt( 10 nm)/Pt(5 nm)/glass.
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Fig. 3. P-E loops of 200-nm-thick BFO thin films grown on CoPt/Pt/glass bilayer with different theik of bilayer and various anncaling

temperature. (a)200-nm-thick BFO thin film grown on CoPt(5 nm)/P(5 nm)/Glass. (b) 200-nm-thick BFO thin film grown on CoPt(10

nm)/Py(sS mn)r(’illus:.
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thick BRI thin' fllms grown, o CoPA(S an/PAS amyglass bilayer o oyie iy 2005 mm:ihick BFO Ui Bl rwn on CoPUS Hm)/PICS winaliss. (5 200-nmAbick BRO Kt rowi of CaPi0

and CoPt(10 nm)Pt(5 nm)/glass with various anncaling

temperature IV. CONCLUSIONS
Single-phase 200-nm-thick BFO thin films grown on CoPt/Pt/glass substrates at various annealing temperature have been successfully prepared by rf
sputtering.

nm)/PYS nm)iglass.

The orientation of BFO films is related to crystal structure of CoPt underlayer. All studied BFO films show a flat surface with dense and fine
microstructure.

Ferroelectric behavior with good properties (2P,= 82-220 pC/cm?) and low leakage current are reached for the studied BFO films on CoPt/Pt underlayer
at low temperature of 425-500 °C, which is beneficial for practical applications.

Further study is needed and ongoing.
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Anisotropic magnetoresistance in Ta/NiCo/Ta nanocrystalline thin films

PF. Su'(#k & 77), M.C. Chan?(J% #145), L.C. Kung'(3L4~#), CR. Wang'( £ & 1=),
D.H. Wei2(#£ X %), H.W. Chang"(3& .8%)

'Department of Applied Physics, Tunghai University, Taichung 407, Taiwan
’Institute of Mechatronic Engineering, National Taipei University of Technology, Taipei 10608, Taiwan

Introduction

&

« The anisotropic (AMR) of ferr alloys have attracted

considerable attention for both the basic interest and technological applications in

recent years.

Co alloy has high anisotropic magnetoresistance (AMR) of 5%, but few report
related to NiCo in thin films form is available.
+ In this work, we investigate structure and MR propertics of sputter-prepared Ta/Nijq,

LCo,/Ta films (x=0-15) th

gh proper post: during the external magnetic

Qld of 2 kQe. /

Results and Discussion
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Fig 2. XRD patterns and MR-H curves of Ta/NiCorTa films annealed at 150°C,
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Fig 3. XRD patterns and MR-H curves of Ta/NiCo/Ta films annealed at 200°C.
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Fig 4. XRD patterns and MR-H curves of Ta/NiCo/Ta films annealed at 250°C".
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Conclusions

/

o Adjusting Co content and post-anncaling temperature at magnetic field of 2
kOe can improve MR ratio.

« MR ratio increases with increasing Co content {rom 0 to 15 at%.

e Through post-anncaling at 250 °C, Ta/NiCo/Ta reaches the maximum MR

value of 1.9 % but exceed annealing 250°C, MR ratio is reduced because of

J

interdiffusion between NiCo and Ta layers.

KFurthcr study is ongoing!
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Microstructure and ferroelectric properties of
BiFeOj; polycrystalline films with ZnO buffer layer

C.R. Huang(3 & %), WA. Chen(iR # 22), C.R. Wang( £ 8 4=), and H.-W. Chang(3k #.0% )*

Department of Applied Physics. Tunghai University, Taichung 407, Taiwan

Of all developed multiferroic materials, BFO has attracted much
attention due to its high both ferroelectric Curie temperature and
antiferromagnetic Neel temperature, but the weak ferroelectric properties
due to large leakage, limits the application.

The ferroelectricity of the oxide film is primarily determined by the
choice of substrate / buffer layer and deposition technology etc.

ZnO is a piezoelectric wurtzite structure.

In this study, we use ZnO as a buffer layer to grow BFO film on Pt
/glass substrates by sputter. In this work, structure, microstructure, and
ferroelectric properties of the polycrystalline films prepared at various
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Figl. X-ray diffraction patterns of BFO(200nm)/ZnO(50nm)/glass deposited at
different temperatures.
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Fig2. X-ray diffraction patterns of BFO(200nm) / ZnO(50nm) / Pt(20nm) deposited at
different temperatures.
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Figd. P-E curves of BFO/ZnO/Pt/glass and BFO/Pt/glass at 450C.

*+ BFO films with pure perovskite phase have been
successfully fabricated by sputter on buffer layer ZnO(002)
at temperatures as low as 425-525 C.

* The studied BFO films on ZnO buffer layer exhibit a typical
ferroelectric behavior with good properties of remanent
polarization (2P,) of 105 uC/cm? and electrical coercive field
(E,) is 560 (kV/em).

* Further study is ongoing.
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Detection of Hg*? ions using liquid crystal cells with
vertically aligning layers

Li-Yu Wu ** (52/fl[#), Yu-Hsuan Tsai * (Z22PJ3g), Chih-Hsin Chen 2 (B#7)i%), Chia-Yi Huang * (252 i%)

‘Department of Applied Physic, Tunghai University, Taichung, Taiwan
2Department of Chemistry, Tamkang University, New Taipei City, Taiwan

A photoresist grid array is deposited on a glass substrate, and then a vertically aligning layer is
coated on the array. The substrate with the vertically aligning layer is put in a drying cabinet at a
relative humidity of 64 % and a temperature of 25 'C for 12 hours. After that, the mixture of a liquid
crystal (LC) and a ligand is spin-coated on the substrate. As the LC sample is put in an optical
microscope with crossed polarizers, the sample is at a dark state due to the vertical alignment.
After a solution of Hg*2 ions is deposited on the LC layer, the sample is at a bright state. Such a
sample can be used to detect Hg*? in water.

[ /

S Y WL e 4

The ITO glass A photoresist grid array ~ a vertically aligning the mixture of a 5CB liquid ~ After a solution of Hg*?

was cut to a size is deposited on a glass layer is coated on the crystal (LC)and a ZT ions is deposited on the

of 2.5x 2.5cm substrate. array. ligand is spin-coated on LC layer, the sample is
the substrate. at a bright state.

s 1o

& ®
AR T B
T NN samui aaas N aE

® Relative humidity of 50 %

" 24 hours 28 hours 32 hours 36 hours

. . i - ® Relative humidity of 64 %
When the system was immersed in the solution containing T : T 5
Hg?*, the complex of ZT and Hg?* formed, which disrupted EENE ===: 1T §§g§
i i -to-bri Rl L EERE
the orientation of LC and lead togdark to brlght . HH- g:g,g 1
transition of the image of LCs which is put in an optical

. - - 8h 10 h 13 h 16 h
microscope with crossed polarizers. iz e SHOUCR S oL
The image of samples which is put in an optical microscope with crossed

b I’Ight polarizers,and smaples were put in a drying cabinet at different relative
humidity and a temperature of 25 °C for several hours.

e} )

dark e

| 3
]
) |
=

® The liquid crystal cell can be used to develop test strips for the determination of mercury(ll)
ion in aqueous samples. The test strips are compact, easy to operate and visible to naked eyes.

® |Increasing the relative humidity of drying cabinet can decrease the time to appear better
bright image.

The authors would like to thank the Ministry of Science and Technology of Taiwan for
financially supporting this research under Contract No. MOST 104-2112-M-029 -004 -MY3
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on Silver Nanoslits Embedded
with Liquid Crystals

Yu-Hsuan Tsai'”, Li-Yu Wu', Kuang-Li Lee?, Pei-Kuen Wei2, Chia-Yi Huang'
Applied Physics, Tunghai Toichung, Taiwan
ences, Research ( r, Taipei, Taiwan
author:Yu-Hsuan Tsal, email:tsina0512@gmail.com

Abstract

The optical properties of the silver slits arise from surface plasma resonance (SPR), and the
resonance frequency of the slits depends on the refractive indices of their surrounding media. The
resonance wavelength of the test sample returns to ifs initial state after the removal of the
voltages, so the tuning of the resonance wavelength is reversible. The experimental results depict

that the silver slits embedded with the liquid crystal (LC) cell can be used to develop visible-light
filters.

Fabrication
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¥ Surface plasmon resonance, SPR :

Accordinig to the Mawell Equation, only the Transverse
magnetic mode ( TM mode) cim produce the SPR solution

: = v Application of voltages to the LC.eell
... o decreases the refractiverindex of the
LC, blueshiftingthe fransmission
spectrum.
The LC cellis an electrically
confrollable visible-light filier
because the period of the nanoslits is
470 nm.
If the peak fransmittance and
frequency tuning rai
with nanoslits are increased,
i1t s e 1y - g could be used to develop visible=
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Graphene quantum dots excited by different wavelengths

Ching-Feng Cheng, Tsong-Shin Lim

Department of Applied Physics, Tunghai University, Taichung 407, Taiwan
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Magnetic Properties and Structure of IrMn/Co/Ta Thin Films

R.C. Yeh (¥ % &)!, C.R. Wang (£ &4=)!, HW. Change(3k %.8)""

I Department of Applicd Physics, Tunghai University, Taichung 407, Taiwan

Introduction ¢ IrMn has been identified as a promising Exp ertment

antiferromagnetic material for advanced

spintronic devices applications due to

i i SR its high exchange coupling energy (J,),

m high blocking temperature (T,), and
low critical thickness.

« In this present study, IrMn is adopted as

a basic material, and structure and

. . magnetic properties of  sputtering-

& = i prepared ItMn/Co/Ta films at the

i) external magnetic field of 1 kG induced 3 nm Ta

% by NdFeB sintered magnets at room 3am Ta 3nm Ta
m temperature (RT) L0 i IrMi
— emp L) ) . 10 nm IrMn 10 nm IrMn (x mTorr)

s « The magnetic properties of studied
films are optimized by modification of Snm Co 5 nm Co 5nm Co
working pressure during deposition of = T = e
Ta(Py,), thickness of Ta(ty), working atum) poifa(enion) A
IrMn(Pyy).

Results and discussion

. T — —— Tagmt —— Itkngmt
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St Smt
3 5t 4t
. . . " L . 2 n n o L " L e
0 25 0 35 0 5 50 55 2 25 30 35 4 45 0 55 20 2% 30 35 a0 a5 50 56
2Theta(degree) 2Theta(degree) 2Theta(degree)
Fig. 1. XRD patterns of [r'Mn/Co/Ta with various thickness of Ta underlayer.  Fig. 4. XRD patterns of IrMn/CoTa with various working pressure of Ta  Fig. 7. XRD patterns of IrMn/Co/Ta with various working pressure of IrMn
underlayer. layer.

B (a)Ta=3mTore R (B)Tu=3.5mTorr [ (O)Ta=SmTorr

Rorghness(om)

Fig. 2. AFM patterns of IrMn/Co:la with various thickness of Ta underlayer. ~ Fig. 5. AFM patterns of IrMn/Co/Ta with various working pressure of Ta  Fig. 8. AFM patterns of IrMn/CoiTa with various working pressure of IrMn
(a) 0 nm, (b) 5 nm, (¢) 10 nm, (d) 15 nm, of Ta underlayer. underlayer. (a) 3 mTorr, (b) 3.5 mTorr, (¢) 5 mTorr, (d) 8 mTor, of Ta  underlayer. (a) 3 mTor, (b) 4 mTorr, (¢) 5 mTor, (d) 8 mTorr, of IrMn
underlayer. underlayer.
[ nmy JI— (YT SN R [T TP — o T ) [ E T — Tn (milarr) ] RS Rt TP S LT L
{ !
ES Z £ } i ‘ g - g
2 E 2| E ) i z z |
A | - o x - sasos
il 4 =130 ot i
- e . frowvore_ —~ | o
| s ) "
= = Fa . -
B U= man|
e \ - . ] | ursio G|

1o

Fig. 3. M-TI curves patterns of IrMn/CoTa with various thickness of Ta  Fig. 6. M-I curves pattems of IrMn/Co/Ta with various working pressure of  Fig. 9. M-H curves patterns of [tMn'Co:Ta with various working pressure of

underlayer. (a) 0 nm, (b) 5 nm, (¢) 10 nm, (d) 15 nm, of Ta underlayer. Ta underlayer. (a) 3 mTorr, (b) 3.5 mTorr, (¢) 5 mTorr, (d) 8 mTorr, of Ta  IrMn underlayer. (a) 3 mTaorr, (b) 4 mTorr., (¢) $ mTorr, (d) 8 mTorr, of IrtMn
underlaver. underlayer.

(" Conclusons =

¢ The adoption of a proper Ta sced layer is effection in strengthing IrMn(111) texture and therefore optimizing exchange-hias field, in IrMn/Co system.
¢ The optimized exchange bias ficld (H,,) of 167.1 Oc with very small coercivity (H,) of 15.6 Oc obtained due to good crystallinity of IrMn(111) and flat interface between IrMn and Co layers

is better than the same system reported by other group (Y.-T. Chen et al., Journal of Alloys and Compounds 509 (2011) ~ Z.B. Guo et al., Solid State Communications 147 (2008)).
\.* Further study is ongoing. )
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Exchange bias in Co/MnPt polycrystalline films

on SiO,/Si(100) substrates
P.H. Pan(G%$44 ¥)!, H.W. Change(3&k %82)!", C.R. Wang(E &4=) !, Lance Horng (3t i #§)>

! Department of Applied Physics, Tunghai University, Taichung, 407 Taiwan.
2 Department of Physics, National Changhua University of Education, Changhua 500, Taiwan.

> -
Introduction \ Experiment
« In studied exchange bias systems, L1, MnPt
possesses high exchange bias, high bolcking Tl
0} temperature, corrosion resistance.
« In this study, Ta/Co/MnPt films are sputtering
prepared on Si0,/Si(100) substrates at room
| 5 temperature (RT) by sputtering at the
[ He external magnetic field of 1 kG induced
NdFeB sintered magnets.
= ! « The studied films are optimized by 0 nm M
modification of thickness of Ta umlcrlay
e
. .
Results and Discussion ; \
(@) Ta/CoMnPtTa = VSi0,/si (b) CoNnPt/'Ta VSO, /Si
R g
v £ = v 8 Crystal structures Surface morphology Magnetization curve
5 R 5 g by XRD by AFM by AGM /
3 2 2
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with various annealing temperature. o é o < = e @ M iiton [0} 200
E z 2 150
280 250 280 450 = z é g 4 / £
540 [ @) THCONIPUTa on 54| (W CoNmPTa glm = 5 ] g § 120 o. B
K \ 200 /0 {350 3 g g o
200 o) 200 g Z 2% 100 .=
[ofla} [0 300 = Zoc| 8 Sy
160 © " 160 0. w0 . E | 60 g
3 =3 ‘o MR E = 0, =
& 120 = 8120 pol 2007 2 r \ 50
=) 100°= 2 a = C 30
% S = / 0 2= 5 0,
= 80 o, K-} o 150 & A\
40 0 {s0 0 / 108, 4 e o7
50 = = =
ol @ 0 ot g 5 20 25 30 35 40 45 50 55 0 50 100 150 200 250 300
0 50 100 150 200 250 300 0 50 100 150 200 250 300 20(degree) Annealing temperature(‘'C)
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Iig.3. Dependence of 11, and 11, on annealing temperature with various Ta thickness (a) 5 nm and (b) deposited on various Ta thickness (a) 5 nm and (b) 0 nm

Onm .

T b . = A Conclusions \
(2) Ta/Co/MnP¢/Ta ' (b) CyvpriTd

Rq=0.31 nm

1. The largest H,, of 258 Oe is obtained in the presented Ta/Co/MnPt(30
nm) films by sputtering at the external magnetic field with 5 nm thickness
of Ta underlayer and 275 °C of annealing temperature, and it accompanies
a small H, of 198 Oe.
2. Flatter surface of Co/MnPt deposited on Ta underlayer is obtained.
3.The strengthened diffraction intensity of MnPt (111) and the presence
other diffraction peaks with MnPt thickness reveal enhanced L1;-ordering
in MnPt layer.
L 4. Larger H, than Hy obtained in 10-nm-thick MnPt results from larger
exchange interaction energy between the Co and MnPt than anisotropy
chgy of MnPt, j

Rq=9.63 nm

(el
(e

25
Véumd

Fig. 4. AF'M images of annealing temperature 275 °C with various thickness of Ta underlayer (a) 5 nm and

(b) 0 nm
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exture control of BiFeO; films on glass substrates
with CoPt electrode underlayers

C.C. Liu'(%]4% #%). C.R. Wang, H.W. Chang®

Department of Applied Physics, Tunghai University, Taichung 407, Taiwan

Introduction | | Experiment
Multiferroic  BiFeO; (BFO) exhibits both a
ferroelectric phase transition at the high Curie !
IS temperature and a magnetic phase transition at the BFO (150 nm)
& %, Néel temperature. BFO thin films possesses a large
< %, S, " CoPt(111) (5 nm)
§ 7h A ?% polarization value and low crystallization BFO (150 nm)
S \( \ \,/ %81 temperature, both of which are desirable properties EA(bom) R — |
- ’, N for applications in high density ferroelectric random Ta (5 nm) CoPt(111) (5 nm)
— access memories (FeRAMs) and advanced < 'y |
Ty spintorinic devices. In this study, BFO films are /B > 8 glass glass ‘

Electric-field control of grown on CoPt(111) underlayer on glass substrate

——— R S
ferromagnetism by sputtering. In addition to serving as a FM bottom TF Analyzer
differient orientation of the film.
Results and discussion |

- = +BigFe40g +BioFe Og

% % FO— » BFO(110) g BFO(’Il1)
—_ P w ) — o b =
S| ¢ & =] S| & s T 8
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2 g 2 I
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£ E k=4 CoPt(500 °C)

) i i : i = 475°C
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2Theta(degree) 2Theta(degree 2Theta(degree)

Fig. 1 XRD pattcms of 200-nm-thick BFO films grown
on various thickness of CoPt(111) buffered on glass
substratcs.

0.01

Fig. 2 XRD pattcrns of 200 nm BiFcO; films grown on
CoPt/glass substrate with various temperatures

Fig. 3 XRD patterns of 200 nm BiFcO; films grown on
glass substrate with different underlayers.
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Fig. 4 TEM images of 200 nm BiFeO, films grown on glass substrate ~ Fig. 5 J-E Curves of 200 nm BiFeO; films Fig. 6 P-E Curve of 200 nm BiFeO, films
at T, = 500 °C with different underlayers (a) CoPt (550 °C). (b) CoPt ~ grown on glass substrate with different grown on glass substrate with different
(500 °C). (b)CoPt/Pt/Ta underlayers. underlayers.

Conclusions

»

o

o
o

o
o

@
Normalized Magnetization

o

Normalized Polarization (%)

-1

-10 -5 o 5 10
Magnetic Field (kOe)
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Switching cycles (N)
Fig. 7 Fatigue behavior of BiFeO, films Fig. 8 In-plane M-H curves of 200-nm-
grown on CoPt(5 nm)/glass substrate at thick BFO films grown on CoPt(111)
500°C. buffered on glass substrates at T;=450°C.

105 5 # &

ﬂll textures of BiFeO; films on glass substrates with Cm

underlayers have been successfully controlled: (110) and
(001) orientations for CoPt(111) at 500 and 550 °C; (111)
for CoPt/Pt/Ta, respectively.

* The ferroelectric properties are related to texture of BFO:
BFO(111) film shows the highest polarization, while the
(100)-oriented BFO(001) film possesses an almost fatigue-
free behavior.

+ The exchange bias between BFO and CoPt is observed for the
optimized sample after a field cooling from 370°C to RT at 2
kOe, and large exchange bias field of 155 Oe at RT and
coercivity of 1631 Oe are obtained.

* The presented results provide useful information for the
applications based on electric-magnetic interactions. /
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Effect of Ti underlayer on structure and magnetic
properties of rapid thermal annealed FePt thin films

C.L. Fan (323&38)", C.Y. Shen (¥ #8)2 M.C. Lin (k% &), Y.W. Wang (£ £ %)!, .W. Chang (3& %.8)""

! Department of Applied Physics, Tunghai University, Taichung, 407 Taiwan.

2Department of Electrical Engineering, Hsiuping University of Sci

Introduction

FePt alloy with L1 structure is one of the most studied materials due to excellent corrosion
resistance and magnetically intrinsic properties, including strong uniaxial magnetocrystalline
anisofropy, large saturation magnetization, and high Curie temp erature.

Many studies focused on the optimization of hard magnetic properties for the potential
applications in the micro-electro-mechanical systems (MEMS)

Inducing strong intergrain coupling and introducing soft magnetic phase with higher
magnetization in hard magnetic matrix to form strong exchange coupling are two efficient
ways to maximize the energy product, (BH),,., an index denoting the energy density that a

i oh

and Technol T

A

Experiment

(300nm)

(10nm)
glass

(300nm)
annealmg 400 to 800 'C

glass

permanent magnet stored. 4
In order to further reduce the grain size Lo strengthen the intergrain coupling, ordering must ‘ VSM
XRD SEM Mot i TEM
be triggered at lower temperatures to suppress grain growth induced by phase transformation. agnel dr;n Microstiactire
In this work, Ti underlayer is adopted to enhance the magnetic properties of FePt films and X J Laitn )

significant increase in (BH),,,,, is achieved.

Results and Discussion
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FIG. 1. XRD patterns of the FePt and FePt/Ti films at various post-annealing temper atures.

FePt

FIG. 2. SEM images of the FePt and FePtTi films at various post-annealing
temperatures.

1200 1200

0 nm grain size : 40~6!

FIG. 5. TEM images of the FePt and FePt/Ti ﬁlms post annealed at 600 °C and 800 °C.

FIG. 6. MFM images of the FePt and FePt/Ti films post annealed at 500 °C to 800 °C.

i i TLFRRHTT Conclusions
.~ 800 o BOD- * Structure and magnetic prop erties of FePt (300 nm) and FePt(300 nm)/Ti(10
E o e B i nm) films are studied.
H e a00% | & S *The low temperature ordering of FePt with Ti underlayer reduces grain
;, 400 —a—500 :c ;— ‘"3“_' growth and thus enhances the intergrain coupling.
200 ::32"2 200 - Significant enhancement is achieved in the Ti-underlayered samples.

——800"C

The value of (BH), for the Ti-underlayered films with T, = 400-700°C are

-10

FIG. 3. M-H curves images of the FePt and FePt/Ti films at various post-annealing

temperatures.
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The presented results confirm that using Ti as an underlayer not only lowers
the onset point of L1 -ordering but also enh: the per
performance.
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Magnetic properties and nanostructures of
Fe-rich FePt films

Y.C. Wang( £ 393%), H.W. Change(5k %5)", C.R. Wang(Z §4=)
!Department of Applied Physics, Tunghai University, Taichung 407, Taiwan

I. INTRODUCTION

FePt alloy with L1, structure is one of the most studied materials for applications in

the bio-magnets on dentistry

and micro-electro-mechanical (MEMS) due to strong

uniaxial magnetoc:

alline anisotropy (K, = 7x107 erg/em?), high Curic temperature (T~

450 °C), large saturation magnetization(4rtM,) and 11 corrosion i The

former two intrinsic properties leads to the size of L1-FePt alloy down to several

nanometer having good thermal stability.

Most studies are concentrated on the vicinity of the Feg Pty To date, rare study on . . .
b Fig. 4 MFM images of FcPt thin films grown on glass substrate anncaled at 600 °C.
the compositions between L1, and L1, phase, Fe Pt,, (x = 66-73), is available. Besides, r o o * A o
- (a)Fe;;Plyy(h)FegPl;, The magnetic domain is bigger than its grain size, an indicative of
the magnetization of FcPt alloy may be enhanced if the composition in this region is = b S
the interaction domain,
adopted.

In this study, high vacuum sputtering system is used to prepare Fe Pt (x = 66-73)

films on glass substrate. Effect of position and post ling temperature on the

100-x

magnetic properties, structure and microstructure of Fe Pt,, - (x = 66-73) are studied. (ORLES
Il. EXPERIMENT
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11l. RESULTS AND DISCUSSION
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liig. 1. XRD patterns of 30-nm-thick I'ePt thin films grown on glass substrate with various annealing Fig. 5 The grain size is increased with annealing temperature.

IV. CONCLUSIONS

p . When the ing temperature ranges from 400 to 800 °C for 10 min, L1,

ordering occurs. High (001) preferred orientation is obtained at higher temperature (6060-800

' « In this study, FePt;,. (x = 66-73) films with (001)-texture on glass
substrate have been successfully prepared by sputtering.

(a) (b) * Al phase is present for as-deposited Fe Pty . (x = 66-73) films.
% - ; f?% oo *  When the annealing temperature ranges from 400 to 800 °C for 10
i S é = min and the heating rate is fixed at 40 °C/s, L1,-ordering occurs.

g a % - * High (001) preferred orientation is obtained at higher temperature
- o (600~800 °C).

g .

e S e " T e g g *  Fep,Ply; has an in-plane magnetic anisotropy, while Fe,Pty, has an

H (kOe) e
out-plane magnetic anisotropy.
liig. 2. and Fig. 3. SI'M images and M-I1 curves of I'ePt thin films grown on glass substrate with
annealing 600 °C. (a)Fc, Pt (bjFce Pty SEM results show that fine microstructure and grain *  The grain size is increased with annealing temperature.
size of 50-100nm sre observed. It is worthy to mention that the mugnetic properties of (BH), ) . i
= * The optimal magnetic properties of (BH),,, = 28.4 MGOe and H_ =

13.4 MGOe and H, = 2.2 kOc can be attained for FegPty, films post anncaled at 400 °C, and :
b 5.7 kOe can be attained for FegPt;, films post annealed at 600 °C.

(BH),,,, = 28.4 MGOc¢ and H_= 5.7 kOc can be attained for FegPty, films post anncaled at 600

oC. * Further study is needed and ongoing.
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I. INTRODUCTION

Perovskite BiFeO;(BFO). showing outstanding multiferoic(MF) propetties of ferroelectricity (FE) (T,
~810 C) and antiferromagnetism (AFM)(T,~370 C).has recently received considerable attention. However, a
G-type AFM order with a spatially modulated spin structure in bulk-BFO cancels out any possible net
magnetization and thus hinders the applications.

Bi,_,Ca,FeO,(BCFO) was reparted showing interesting structural, magnetic, and electrical evohitions and
a significant pk Itaic effect. M , @ CONVeErse mag lectric effect was observed in BCFO ceramics,
but very low electrical remanent polarization (2P,) of 0.4-8 uC/em? hinders the applications.

In this work, BCFO films with x = 0.05, 0.1, and 0.15 are grown on refined metallic Pt(111) electrode
layer buffered glass substrate by pulsed laser deposition (PLD) at reduced temperature of 450°C. Structural.
ferroelectric. and magnetic characterizations of BCFO films are repotted.

II.LEXPERIMENT
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FIG. 1. XRD pattems of (a) Bi,_,Ca FeO, films grown on various Pt thicknesses (b) Bi,_CaFeO, films grown on

various Pt /glass substrates.
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FIG. 2. SEM images of Pt layer with various thicknesses and Bi, ,Ca,FeO, films grown on various Pt/glass
substrates.
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FIG. 3. P-E curves of Bi, CaFeO,tilms grown on various thicknesses of Pt buffer

layer.
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FIG. 5. M-H curves of Bi,_ Ca FeO, films grown on Pt /glass substrates.

IV. CONCLUSIONS

* Structure, surface morphology, ferroelectric and magnetic properties of Ca-doped BFO
films prepared by pulsed laser deposition on Pt bottom electrodes with various t buffered
glass substrates at low substrate temperatures of 450 C have been examined.

*The structural analysis shows that a pure perovskite phase with the isotropic orientation
is present for BCFO films with x = 0.05-0.15and t = 10-30nm.

*Grain size and surface morphology of the BCFO filns are sensitive to the configuration of
Pt(1 1 1) layer, and besides, the grain size and surface roughness of BCFO films are
reduced with increasing Ca content.

*Different from poor ferroelectric properties for BCFO ceramics, the studied BCFO
polycrystalline films exhibit typical multiferroic properties camparable to BFO films
grown on single crystal substrates.

*The ferroelectric properties are sensitive to microstructure, surface morphology, and Ca
content, The good ferroelectric properties with the remanent palarization (2P,) of 91-124
C/cm?and electrical coercive field (E,) of 294-394 kV/cm are obtained for BCFO films with
X = 0.05-0.15 and t = 10-30 nm owing to fine microstructure, flat surface, and low leakage
current.

+All studied BCFO films exhibit a ferromagnetic behavior with M,= 5.9-8.2 emu/cm’and
H, = 1224-1258 Oe due to the suppressed spiral spin configuration of AFM in BFO by a
substitution of Ca%.

*The results of this study reveal that polycrystalline BCFO filns on fine confrolled Pt
electrode on glass substrate with reduced formation temperature could be a highly
potential multiferroic material for advanced applications.
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Electronically Controllable Terahertz Filters
Using Electrowetting-On-Dielectric Cells
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A metamaterial that is embedded in glycerin droplet or air is controlled by voltage. which is used to develop passively tunable terahertz devices such as filters, absorbers. sensors,
and spectral imagers. The resonance peak of the metamaterial can be redshifted as the metamaterial “expericnees™ an increase in the refractive index of a medium that surrounds it. A
simulation confirms the spectral redshifl and the refractive index of glycerin (n=1.47). The variation in peak frequency are depended on the position of glycerin. Experimental results
show that the resonance peak of the metamaterial can be continuously tuned within a frequency range ol 0.25 111z as the droplet moying by applied voltage 120 V Therefore, this mel-
amaterial is a continuously tunable and exhibits a higher frequency tuning range than other liquid crystal cells with metamaterials.
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Iligure (a) presents the experimental terahertz spec-
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g f metamaterial that is surrounded with air erhlbxts arcs- cy. As the height of SRR small than 18 um
i " VAVAY onance: peak a.“ 0.81 THz The peak arises limm the the shift of frequency are increasing.
£ o« electromagnetic resonance of the metamaterial. As a :
] A\ 2 A A But the data lines tend to 0.25 delta THz
L V\ N\ voltage of 120 V is applied to the EWOD cell, the res- whenheisht are large than 18 aim Obvious:
\/ by, onance peak shitts from 0.81 THz to a lower trequency e e L ;
e = O S & 1y, this device has a limit al frequency tuna-
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@ (b), and deposited 200 nm silver as metamaterial only. w80 1 Removethoutive b whick s ol on SUS en P i
" That sample exhibits a resonance peak at 0.48 THz and (TR ] T U T R R

0.41 THz when the metamaterial surrounded by air or
glycerin, respectively. It presented the height of the
metamaterial can enhance the tunable range of the res-
onance frequency.

The EWOD cell with the 18um-thickness SRR ar-
ray has a frequency tuning range with a width of 0.25
THz herein, so the cell exhibits a higher frequency
tuning range than other liquid crystal cclls with met-
amaterials. The EWOD cell with the 18um-thickness
SRR array can be used to develop passively tunable te-

A simulation is performed using com-

rahertz devices such as filters, absorbers, sensors, and

spectral imagers. j

mercial finite-ditterence time-domain soft-
ware to verify the experimental results in
the Fig. (c). The experimental spectra in Fig,
(a) match the simulated spectra in Fig. (c).

This ccll has a limitation in its frequency
“* tunable range. To [ind the limit, we did the

o7 T e
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o

In this paper. we present a new optical device in T'llz which is based on
electrowetting-on-dielectric technology. The terahertz spectrum of the met-
amaterial depicts that the EWOD technology can be used to move the glycerin
drop in the sample. Because the light “experiences™ the change in the refractive
index of the medium that surrounds the metamaterial. the sample can be used to
develop passively tunable terahertz devices such as filters, absorbers, sensors.
and speetral imagers.
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\homogeneous BPLC film.

Abstract

Homogeneous blue phase liquid crystals (BPLCs) cells can be achieved by friction alignment . However, dust and scratches will appear in
the aligning layers of the BPLC cells due to the friction alignment. Therefore, a non-contact method, photoalignment, is used to fabricate
homogeneous BPLCs in this work. A BPLC cell has a configuration, glass substrate/ photoaligning layer (SD1 dyes)/ BPLC/ photoaligning
layer/ glass substrate. After a linearly-polarized UV light irradiates each of the photoaligning layers, and the surface director is reoriented
toward the direction perpendicular to the optical field. Experimental results show that the photoalignment can fabricate a large-area and
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FIG. 1. Optical microscope image
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FIG. 2. Optical microscope image
of photoaligned BPLC cell.
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® ‘The transmittance (0.011) of the
photoaligned 1.C cell is half that
(0.022) of the rubbed LC cell at 0 V,
depicting that the former can be more

regarded as an optically isotropic
Qdium,

TV curve

® Thin SDI films have weak clectric
field shiclding cffect, so the voltage
that drops on the BPLC layer is
higher in the photoalignment
sample than in the rubbing-aligned
sample.

® The photoaligned LC cell has a
smaller hysteresis than the rubbing-
aligned 1.C cell, indicating that the
uniform alignment in the
photoaligned LC cell can reduce
the hysteresis.
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Conclusion

This work uses the SDI dyes to photoalign the BP
lattices. The photoalignment can accumulate the grow of
the BP lattices, achieving the monodomain BPLC cell.
Compared with the rubbing-induced BP LC cell, the
photoalignment-induced BPLC cell has the advantages of
no dust, defects and scratches. Application of voltages to
BPLC cells also can fabricate monodomain BPLC cells
[Applied Physics Letters 102, 171110 (2013)]. However,
the voltage-induced BPLC cells are not permanent
because there is no surface anchoring to stabilize the
monodomain structure. Therefore, the photoalignment-
induced BPLC cell is superior to the voltage-induced

BPLC cells.
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