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Comparison on the structure and exchange bias
in Co/MnPt and MnPt/Co polycrystalline films
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Comparison on the structure and exchange bias in
Co/MnPt and MnPt/Co polycrystalline films on glass substrates

H.W. Chang'*, P.Y. Yeh?, Y.C. Chen?, Y.L. Lai?, P.H. Pan?, C.R. Wang?, Lance Horng3, W.C. Chang!

! Department of Physics, National Chung Cheng University, Chia-Yi, 621 Taiwan
2 Department of Applied Physics, Tunghai University, Taichung, 407 Taiwan.
4 Department of Physics, National Changhua University of Education, Changhua 500, Taiwan.

Introduction

Exchange bias (EB), characterized by a shift of hysteresis loop
originated from the interaction between the ferromagnetic (FM) and
antiferromagnetic (AF) layers, is foundation for spin-valve (SV) based
devices.
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sputtering .

At RT by magnetron sputtering at the
external magnetic field of 1 kOe induced
from NdFeB sintered magnets.

* Field (2 kOe) cooling from 150 to 300 °C
to RT.

Analysis:

Crystal structures
by XRD

Magnetization curve
by AGM

Microstructure by | Surface morphology

i 55 % TEM by AFM
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Results and Discussion
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FIG. 1. XRD patterns of (a) Co/MnPt and (b) MnPt/Co films annealed at various temperatures,
and (c) (111)-spacing of Co/MnPt and MnPt/Co films annealed at various temperatures in the

range of 150-300 oC.
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FIG. 2. (a)(f) M-H curves of two serics films anncaled at various temperature,
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For exchange bias material
L1,-MnPt advantage:

1. High T (975 K)
2. Large K, of 1.4x107 erg/cm?

3. Excellent corrosion resistance

o
o\ Soars el Thgn Ko B, 5, 0517 (2413
In this work, the effect of post thermal process on ordering phase
transformation, microstructure, and EB field of Co/MnPt (MnPt at bottom
of bilayer) and MnPt/Co (MnPt at top of the bilayer) bilayers on Ta
underlayer are studied.

®Mn

600 600
(a) tz Co/MnPyTa/glass (a) Ta/Co/MnPt/Ta/glass
- MPt/CorTulglass % Ta/MnPYCof La/glass
o]
400 (0] 400
M \ \
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o [0}
0 ) 0 o))
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FIG. 3. (a) H_ and (b) Iy of the studied films annealed at various temperatures.

(a) MnPt/Ta/glass-RT
R:0.5 nm

(b) Co/Ta/glass-RT

R,

(©) = CO/Mnlmsu/gimj
o- MuPt/Co/ Ta/glas

E-RT

150

FIG. 4. AFM images of (a) the as-deposited MnPt film, (b) the as-deposited Co film, (c) the
led at various es.

FIG.5. TEM images of (a) the as-deposited Co/MnPt film, (b) the as-deposited MnPt/Co film,
and () Co/MnPt film annealed at 200 °C.

Conclusions

* The increase of H; with T is mainly dominated by the ordering
degree of MnPt layer and the roughness of the interface.

¢ The ordering behavior and the roughness with increasing T might
be related to the stress/strain state of the MnPt layer in as-
deposited films,

* As compared to MnPt/Co film (T = 250 °C), Co/MnPt film with
more compressive in film plane exhibits L1;-ordering, the onset
of stress release, and the optimized Hg at lower T = 200 °C.
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Structural evolution, ferroelectric, and nanomechanical properties of
Bi, ,Sm, FeO; films (x = 0.05-0.16) on glass substrates

T.K. Lin!, C.C. Kao!, C.F. Chang!, H.W. Chang?*, C.R. Wang!, C.S. Tu?

1 Department of Applicd Physics, Tunghai University, Taichung 407, Taiwan
2 Department of Physics. National Chung Cheng University, ChiaYi 621, Taiwan
3 Department of Physics, Fu Jen Catholic University, Taipei 24205, Taiwan

I. INTRODUCTION

Perovskite  BiFeOL(BFO), showing outstanding multiferroic(MF) properties  of
lerroelectricity(FE) (T¢~8107C) and antiferromagnetism(AFM) (Ty~370°C), has recently
received considerable attention.

The major problems in BFO is high leakage current, and therefore, Sm-doped-BFO(BSFO)
was teported as an effective way to reduce leakage and thus enhance ferroelectric
properties.

In this study, Bi, Sm FcO; films with x = 0.05-0.16 arc grown on refined metallic Pt(111)
electrode layer buflered glass substrate by pulsed laser deposition (PLD) at reduced
temperature of 450°C.

TLEXPERIMENT

¢ . ‘ . . Fig. 5. SEM images of the samples with (a) x — 0.05. (b) x — 0.10_ (c) x — 0.12, (d) x — 0.14, and (e) x ~ 0.16. and AFM
BSFO thin [ilms o 200 nm thickness was deposiled on a PU/glass stack using PL.D at images of the samples with () x = 0,05, (g) x = 0.10, (h) x = 0,12, (i) x = 0.14, and (j) x = 0.16,

450°C and an oxygen pressure of 30 mTorr.
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Crystal Surface . £ o
200 nm BSFO structures morphology Ber!m"“’h E s
XRD SEM nanoindenter ] i
Pt(111) b i A_ K- Bl B

G Sturfuce [ P-E Curve and Leakage | Fig. 6. P-E curves of the samples with (@) x = 0.05 (b) x = 0.10 (¢) x = 0.12 () x = 0,14 and (&) x = 0.16.
@
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= Fig. 7. (a) Leakage current density of the By Sm FeO; films (x = 0.05-0.16), curves fitling results of leakage current
g P 5 of the Bi,,Sm, FeO; film with (b) Ohmic and SC1.C mechanism, (¢) PF emission, (d) Schottky emission, (€) FN
5 tunneling, and (f) leakage mechanisms of the Bi, ,Sm FeO, films (x — 0.05-0.16)
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Fig. 1. XRD patterns of Biy 4,Sm, ,(FeO, films deposited on Pt underlayers with the thickness in the range of 10-
40 nm. ) 5 .
(b) (C) - Panctrarion depeh fnm) - ::m\yen:::.u\. d-,-:: l..uum Peneication depth fyn}
" Fig 8. () Load-displ (b) hardnessdispl and (¢) young’s modulus-di curves for BSFO
thin films with x = 0.05-0.16.
e, -
1 y

W rombonedral phase.

s uim ads

Fig. 2. AFM images of the refined Pt with the thickness of (a) 10 nm, (b) 20 nm, (c) 30 nm, and (d) 40nm, and those
of 200-nm-thick Biy soSmy oFcO; films deposited on Pt underlayer with the thickness of (¢) 10 nm, (1) 20 nm, (g) 30
nm, and (h) 40nm, Fig. 10, Plot of the experimental data of hardness versus grain size. The dashed line represents a fit to the Hall-Petch

equation with H(D) = 2.16 + 68.7 D%, except for the orthorhombic phase.

Grain size

Table. 1 Tes e ies of the ped Sm-doped BileQ, films
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Fig 3. P-E curves of Bi, o, Sm, ,FeQ, films on Pt underlayers with the thickness of (a) 10 nm, (b) 20 nm, (¢} 30 nm, P F0n s | G e o ATl

and (d) 40 nm (e) Leakage current density of Bi, 4, Sm,, ,FeO, tilms on Pt underlayers with the thickness of 1040 nm.

@ e 1V . CONCLUSIONS
£ = « Grain size and surface roughness of BSFO films are reduced with increasing Sm content..
= E g —j \» « BSFO thin films exhibit hardness in the range of 7.7-10.1 GPa and Young’s modulus of
El J\ \ =k 154.6-167.5 (3Pa. The result suggests that nanomechanical properties can be improved with
5 {|s =i i smaller grain size.

Z — A — =4 M@ - Ferroclectric propertics arc sensitive to microstructure, surface morphology, and Sm
ié A 4 = content. Fnhanced ferroelectric properties with remanent polarizations (2P) ol 66-150
1 ﬁ il _/\ wC/em? can be attributed to flat surface, fine microstructure, and low leakage current.
_A__A____J ks - - The BSFO films with x = 0.16 cxhibits the P-E curve with a double hysteresis loop,

R ) PR

possibly due to the induction of an orthorhombic phase.
2Theta (deg.) i

Tig. 5. XRD patterns of the Bi; ,Sm,FeO; films (x — 0.05-0.16) on 30-nm-thick Pt underlayer
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Photocatalytic Properties of ALD-TiO,-enclosed Gold Nanoparticle
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Motivation

Au nanoparticle (AuNP) has surface plasmon resonance (SPR) effect, which can absorb the visible light to store as
high-intensity plamonic energy. Hence, Nanocomposite of AuNP/TiO, and TiO,/AuNP has been considered as a promising
candidate for a photoanode or a photocathode to stimulate or enhance the visible photocatalytic water splitting. This
research aims to study the photocatalytic properties of TiO,/AuNP and finally we can propose the potential structure for

photocatalytic water splitting.

Materials and Method

AuNP 1o

2 AuNP

Si substratc | | Si substratc | Si substrate Si substrate

(a) (b) (c) (d)

Preparation of sample:

» The deposition of Au thin film by
sputtering for bottom contact (1
cmx1cm).

» The assembly of AuNP layer on Au
thin film.

» The atomic-layer-deposition
growth of conformal TiO, thin film
to enclose AuNP layer.

SEM image of
TiO,{1 nm)/AuNP/Au

TiO,(1 nm)/AuNP/Au

100 IO, (20nm}/AUNP/Au TiO, I ={A ’_l
AuNB/Au il
8 80 TiO,(1nm)/AuNP/Au
B TiO,(Snm)/AUNP/AU AuN
60
o uv- ) 2
§ 40 Visible light LREER.
Qa
< 20
|@h
0
= 400 500 600 700 800

Wavelength (nm)
Electrochemical measurement

Instruments : Zahner Elektrik,
» The coverage of AuNP =15 %

Germany
* The diameter size of AUNP =30 nm | Anode : sample
* The thickness of TiO, =1 nm, 5nm |Cathode : Pt

and 20 nm Electrolyte : KOH 1 M (PH = 14)
Light source : AM 1.5 (1 sun)

532 nm laser (30 mW)

Results and Discussion

Photocurrent (V = 0) measured in 2 terminals underl Sun AM 1.5 (left) and
A =532 nm (30 mW) (right)

60 5 1.5
— TnOz(Zan]/AuNP/Au d AUNP/AL
— A AuNP/AU < - e
é 50 7iv0,(‘1nm]//iluNP//ilu 3142 I?:;m T'Ounﬂm)/A::qf/A:J
= 40 ERAmIAUNEAY 00 Ti,(20nm)/AuNP/Au
9 on ‘a_) . on
=30 5
£ 306 W
820 £
s} ©0.3 "
£ 10 & off A
= — vl
0 60 120 180 240 300 360 0 60 120 180 240 300 360
Time (s) i

Time (s)

Under 1 Sun AM 1.5, TiO,(20 nm)/AuNP/Au has a highest current (30
HA) mainly due to the contribution of TiO, that absorbs UV light.

* Under 532 nm wavelength, AuNP/Au has the highest current (0.7 pA)
due to the effect of SPR effect that absorbs the wavelength of 532
nm. TiO,(1Inm)/AuNP/Au has the similar current which is mainly also
due to SPR effect.

For TiO,/AuNP/Au, the photocurrent under 532 nm decreases as the
thickness of TiO, increases. It is contradictive to the absorbance. The
presence of TiO, limited the light absorption of AuNP to 532 nm.

Cyclic Voltammetry of different structure (left) and different thicknesses of
TiO, (right) measured in 3 terminals (reference : Ag/AgCl)

6 6
i ! 5L —— 1 nm-dark
. 5t park  TiO, (1)m)/AuNP/AU film . = AM 1.5
< 4 < 4ri 5 nm-dark
é 3 é 3} —— 5 nm-illumination
= = —— 20 nm-dark 1nm
52 S 2 — 20 nm-iluminat
o TiO, (20nm){AuNP/Au film L P nm-illumination| 5 niy
51 5 ‘
O o0 © o =
AuNP/Au film @
=1 Au film -1 20 nm
-2

09 -06 03 00 03 06 09
V vs Ag/AgCl (V)

* The CV behaviors of TiO,/AuNP/Au and AuNP/Au consist of gold
oxide formation (0.2 V) and it’s corresponding reduction (0.01 V),
oxygen reduction to produce hydroperoxyl (-0.2 V) and it’s
corresponding oxidation (-0.1 V), water oxidation to produce O,
(>0.6 V) and H* reduction to produce H, (predicted <-1 V).

* The onset potential of TiO,(1nm)/AuNP/Au is lowest (0.6 V). So, it
is potential to be a good photoanode.

* The CV behavior of AuNP/Au is similar to Au film. It is predicted
that the sample is good as a photcathode, but needs more
negative bias

'-20.9 06 -03 00 03 06 09
V vs Ag/AgCl (V)

Conclusions

TiO,(1 nm)/AuNP/Au has more advantages than the other samples which potential to be a good photoanode due to the lowest onset potential.
Although the photocurrent under AM 1.5 (1 sun) is very small, but it can enhance the light absorption under visible light due to SPR effect.
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Influence of Absorption Transition in Electrical Properties of

“ Perovskite Solar Cell
\rau/ N n
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e Shin Lim," and Ming-Chung Wu'*8

* Department of Applied Physics, Tunghai University, Taichung 40704, Taiwan
¥ Department of Chemical and Materials Engineering, Chang Gung University, Taoyuan 33302, Taiwan
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The emerging organometal halide perovskites (e.g., CH;NH,Pbl,, MAPbI,) have intensively studied in recent T«wl/ - &
years because of its excellent optoelectronic property, e.g. wide visible range absorption spectra. The incident Tt ikl R
photon-to-current efficiency of MAPbI, exhibits four peaks, which can be related to the absorption transitions = <p "1 2 ‘
between the multiple energy levels of MAPbI,.”° That are 1.5 (T,), 2.3 (T,), 2.8 (T;), and 3.5 (T,) eV in Figure 1. * Ti0 i
The influence of the absorption transitions to the properties of PSCs was investigated by the impedance 2 b
response of PSCs and photo luminance.

THev Ton™ VB,

" " . 28
The PSCs  consisted  of  [TO/dense  TiO,/meso- E IS8V 3sev VB,
TiO,/MAPbI/spiro-OMeTAD/Ag . The impedance g 20
spectroscopy was performed with LCR meter (Hioki 3522-50 >15 Perovskite
LCR HIiTESTER). Fluorescence was collected using an 5 s —o—Blue . '
objective (10x, 0.4 N.A. Olympus) and detected by an Perp Grecn Figure 1'_T,h e absorption
d . M ; Ca, Vskite £ 5 —o—Red transitions to the
avalanche photodiode (SPCM-AQR-15-FC, PerkinElmer) with —SSCE/Y £ ;
3 - FaesTio, 3 properties of PSCs was
a 720 nm long pass filter. 5 o5 od o6 BB o investigated
Figure 2. (a) Device structure of PSC. Figure 2. Spectral absorbance of Voltage (V)
MAPbDI3 layer (b) and EQE of the PSC
Results and Discussions
2 5 4 A o o 532 nm © 15 (b)
Photo-induced charge density strongly depends {a) o o 2mt (a)
on the wavelength of excitation (Figure 3). S °’°° 9 650 nm g0 —900
2k 0.0009%, —g = w0
_ . . ’ o o B0 O RE = = 2
In Figure 4 (a), Rp exhibits a linear relationship a"°°°° 0 4mwlz: " £° 405 nm < ,,oq,p:’; B s
with F;. as the photoconductance of perovskite 0 7 mitiem” S
layer? and Cp remains almost constant so Rp and 0 LO 10 mwen [} 650 nm
Cp are considered as the resistance and the 4k e 0
capacitance of the perovskite layer. ~|® om® SR ©-0.0.4 gof 0 2k 4k 6k 8k 0 2k dk ek Bk
g 2 F (mW em™ nm) F, (mW cm” nm)
In Figure 4 (b), the Cp of 405 nm is apparently f\?k 532 n0m Flgured F,, dependence of (a) and C, (b) wnth different
)

higher than that of 532 nm and 650 nm wavelengths. The lines in (a)arethellnearflttmg

indicating the photocharges  excited by Ty 1ok 3
experience a relaxation process significant from - 12 (@) pi *r (b)) = T 2
that by T, and T, Thercforc thc PL spectra - % A > W g{
excited with different wavelengths as a function 105 nm ] 2 ok b
y ; e L 403 g 6k s g 7
of power density shown in Figure. 5. £ . - E
= y 5
a 3k s o
Usually, it is considered that there are defects o e 0
existing beneath CBI and trapping the op -
photoelectron excite electrons to CB1 by both T1 ) 5 y &K Bk 9 kg 200 50400 500 600 700 80O 900
and T2. The probability of electrons trapped by i 2'( Pover Intensity (W) Wevalangth (nm)
low defects is the same. so PL excited by 532nm  Figure 3. Complex impedance of PSC Figure 5. Power intensity dependence with different wavelengths
and 632 nm exhibit similar intensities. illuminated by 650 nm (a), 532 nm (b) excitation(a) and wavelength dependence of PL intensity (b) with 532
and 405 nm lasers (c) laser excitation

From the optical power dependence of the impedance, the perovskite layer exhibit a high photoconductance response to 532 nm excitation. From the
optical power dependence of the impedance, the perovskite layer exhibit a high photoconductance response to 532 nm excitation. The increases of the
trapped level will lower PL intensity excited by 405 nm . The integration intensity of 405 is remarkably lower than that 532 nm and 650. It indicates the
relatively significant part of photocharges excited by 405 nm relaxes through the non-radiative process. We suggest there are trapping centers between
CB1 and CB2.

1. Measure the time-resolved photoluminescence (TRPL) with (1) Zhao, Y.; Nardes, A. M.; Zhu, K. Mesoporous Perovskite Solar Cells: Material Composition,
: p L Charge-Carrier Dynamics, and Device Characteristics. Faraday Discuss. 2014, 176, 301-312.
dlf'feren't wavele.n'gth laser .excn.:atlon to kno‘_” the effect of (2) Chu, Z;; Yang, M.; Schulz, P.; Wu, D.; Ma, X; Seifert, E.; Sun, L;; Li, X.; Zhu, K.; Lai, K. Impact
absorption transition to the life time of Perovskite. of Grain Boundaries on Efficiency and Stability of Organic-Inorganic Trihalide Perovskites. Nat.
3. f\nalysus effect of trap in CB , and CB ,. : Commun, 2017, 8, 2230. |
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Introduction

o . . . i @iz
Ferroelectric behavior based on HfO,-based films has been reported in recent years due to the ferroelectric phase @0
stabilized by a variety of dopants.
Owing to processing simplicity and silicon compatibility, this has attracted attention promising for non-volatile
memory applications. Most work has been devoted on the epitaxial LIfO films, but few study on the
polycrystalline (1If,Zr)0O, films is available.
In this work, structure and ferroelectric properties of 1if, .Zr,.O, polycrystalline films with various oxygen
ressures and substrate temperatures are studied. _/
i Experiment 1064nm 1064 ~ 532nm \ Crystal structures: XRD )
S0nmP’t S0nmPt ‘ ‘ Surface morphology: SEM
Pulse Laser Deposition 40nm HZO(T C) 40nm HZO(x mTorr) oD i
Laser wavelength: 1064 ~ ‘ c ‘
532nm) 20nmPt 20nmPt TF analyzer 2000
N s wHCneYM |
Hz0 0nm Result and discussion
550°C 75mT (The wavelength of 550°C 100mT (The wavelength of 550°C 100mT(The wavelength of
e £ lascr is 1064nm) laser is 1064nm) laser is 532nm}
S £ 5 # 3
&
= 8 ] .
% A\ 600°C i & 154
; )
B A JL frec 1c4
= L j\ 550°C 5 4
 — g £
» 24
j\ 525°C $ 3 bS]
500°C = g \cj o
i i i é— s / S
20 2o 40 E 2 <
2-Theta(degres) ® g ® E 5 26, Clent E -
Fig. LXRD pauerns of HZO thin films on Ptiglass subswate & 10 P2 Clent g o
with oxygen pressures of 100mTorr at various temperatures £ =2356KViem 5 " 2P, =2.2uC/cm?
‘uf)m-mo\_ . (The wavelength of laser is 1064nm) g 3] 154 £, -2912kfem
'HZO 40nm A0+———1—— ————— W
- X 300 A0 %0 1000 200 300 <0 600 40 200 200 0 W 5010 -4000 000 2000 1020 1000 2000 3007 4300 S0
- Efkvicm) EfkVicm) Electric FiekifkViom)
= £ 0. b Fig. 4. P loops of HZO thin films on Puglass substrate at
§ & s 4 f.-'&l'-"-— : temperature $50°C.
B A mom | B
g G somt | 4 T o«
= A A joomt | 7 : 1
Peem— I T
A 25mt = L = = T
20 30 40 50 e v
2-Thela(degree) £ 0.
Fig. 2. XRD patterns of HZO thin films on Pugluss substrate ™
»\iith Various oxygen pressures anZS-Zooml at temperature of ¥ gt | e
S30°C. (The wavelength of laser is 1064nm) % ol o3 r 5 o] Do
HZO 30nm 3 =
o smi TR “00mT
W T A
H E5E . z
= <, s a1} e
2 ] S 2
A 75mt | % < 5 o
0 B 0 50 o : ., . b -
2-Theta(degree) T e dn i

Fig. 3. XRD parterns of HZO thin films on Prglass substrate
with various oxygen prossures of 30-123mt al lemperature ol
S50°C. (The wavelength of laser is S32nm)

Hioe) Hee) .
Fig. 8. M-H curves of HZO thin films on Pt'glass substrate with
various oxygen pressures of 25-200mTorr at temperature 530

Fig. 6. SEM images of HZO thin films on Ptiglass substrate with oxygen
pressures of 100mTorr at various temperatures of 325 + 600'C and the various

axyyen prossures of 25 ~ 200mTorr at temperature 550°C .

L

A monoclinic (111) texture is detected for HZO films at 550 'C within oxygen pressure in the range of 50-125 mtorr and at 525-600 C

within oxygen pressure of 100 mtorr.

A orthorhombic (111) and tetragonal (011) texture is detected for HZO films at the wavelength of laser is 532nm.
Microstructure analysis show uniformly fine microstructure with small grain size is observed for all studied HZO films, and the size of

Conclusons

HZO grains is increased from 10 nm at 525 "C to 25 nm at 600 C.
Magnetic is found at 25 mtorr, 50 mtorr and 200 mtorr.

Ferroelectricity is found at 75 mtorr and 100 mtorr, their 2P, are about 21and 6uC/cm?, respectively.

=
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Introduction Results and Discussion

Exchange bias is a phenomenon that mainly exists at the (a) |t BN 200 $C NN S 4 N 400 85°C
interface between ferromagnetic and antiferromagnetic
interfaces, resulting in a shift in the hysteresis curve and an
increase in the coercive field. Since it can be utilized in

spintronic components and giant magnetoresistance, it is T T

currently attracting attention. (b) *——h_ (0

MnN conforms the good antimagnetic condition: o H(08)
1.Temperature stability , Tp, T. Sl o 2
2.High Néel temperature, 660 K. i “’<=/ o
3.Exchange bias and coercive fields , Hgg > He. 'm T tyoyom) ”

Fig 2. (a) M-H curves of Ta(5)/MnN( £, J/CoFe(5)/Ta(5) (b) MnN thickness
dependences of Hex and He anncaled at 80 °C for 15 min within applicd magnetic ficld
of 1 kOc.

4.Environmental safety and price.

Magnetic recording head Magnetic memory cell

Tunnel valve

Spin valve

FM sensor >/ sensor
FM reference |
AFM
Fig 3. Surface morphology of Ta(5)/MnN(£,,,,)/CoFe(5)/Ta(5) anncaled at 80°C for 15

L in within applicd magnetic ficld of 1 kOc: (a) =100 (b) =200 (¢) =300 (d) =400.
Experiment

« 100nm 80°C o 2000m 80°C
w! (a) w- (b)
CoFe(5nm) H * H
e F-C from 80°C to RT at H=1 kOe 3= .7 £ '
tmj = T Y wtan aunas = R TV
Magnetic property ht(mm) ht(mm)
V SM - (C) ‘  300nm 80°C -l (d) * 400nm 80°C
. . >
Crystal structure Surface morphology f. .
XRD AF M £ : P Vot rnans = . S el ey waiee o L,
ht(mm) ‘ ht(mm) . .
MnN 3:7 80°C Figd. The depressing depth dependences of hardness for different thickness (a) 100nm
(H=19.5GPa) (b) 200nm (H=20.8GPa) (¢) 300nm (H=22.9GPa) (d) 400nm (H=20.7GPa)
W MIN(002) of MnN annealed at 80°C for 1S min within applicd magnetic ficld of 1 kOc.
~ n
S IMaN@OI )V
=
. L3
g A Conclusions
E7) s 400nm » MnN texture can be tuned by thickness.
g "‘ 300nm (002) texture is obtained for MnN thickness of 100-200 nm, and is
E 200nm gradually transformed into (011) with increasing MnN thickness.
L MWMW 100nm MnN (011) texture is attained for 400 nm.
» The texture evolution with thickness has influence on magnetic and
30 35 40 45 50 55 nanomechanical properties.
2Th » CoFe/MnN with (011) texture exhibits larger exchange bias.
eta(degree ) g g
Fig 1. XRD patterns of Ta(5)/MnN(tnm)/CoFe(5)/Ta(5) annealed at > The hardness of MoN (011) is harder than MnN(002).
80 °C for 15 min » They may be related to planar density of structure.
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Introduction \ Experiment
” « In studied exchange bias systems, MnN exhibited
| higher Néel temperature (660K) and lower cost. — ma—
& ‘N = « It crystallizes in the 6 phase of the Mn-N phase tteri
:4‘— diagram, which has the tetragonal face-centered SPULLETING
| 57" with a = 4256 and ¢ = 4189 A at room =T
I temperature (RT). e
S - 55 3
B + In this study, CoFe/MnN and MnN/CoFe films e | o —IaGnmm)_
! are prepared on SiO,/Si(100) substrates by —=mmeote | ( ., ) 50 nm MnN
sputtering at room temperature (RT). / 50 nm MnN e 5 nm CoFe
Snm Ta
Results and Discussion
@NAr6 I 3 BNGA-SS 3 3 2 oo eT Ty
}5 :gg oA i*i
2 —— 7 bﬁ_ﬁA_.“ 3 435
4 3 4 |\ Crystal structures Magnetization curve
% H e e I | ST — by XRD by AGM
E N | g
- ¥ o ST A
2 Thelagdes) e ; = 2 Mheta(dez) T g‘:’ 2 Theta(deg.) @RT | ——MnNiCoFe b)LOCC. —— MnN/CoFe QL50°C ——— MnN/CoFe
573 733 10 1) ,— 9]
7 12 3 2k ; i - & f
z M )] SRR - S . -
i i R ' E E 5
3 -/ \ & ) asl A as
P gl b A ans0Y Hy:44 Oc J H,:1200¢
e, - 2 Thewial) i |]?_:| 5 0¢f 1 H,:350e 10 lllfS,‘Oe
Fig.1. XRD patterns of CoFe/MnN layers with various sputtering atmosphere 0TI 8 M A BTN e COET ECOT
N,:Ar of MnN and different annealing temperatures e CoFeMnN Heoe)
2" g P % (d)200°C MnN/CoFe ©RT e £ 100°C —— CoFe/MnN
[ CoFe/MnN CoFe/MnN | | CoFeMnN| 1 1 1 "
1 GHRT 108 100C | wf@1scc .
i r_..* r__,_____.,, i F { & r
4 3 o
g } p 2 [ ] . ]

. &% e H,:160 Oe b = H,:2520¢
7 H_00¢ He:252 Od 3 H5620¢ H,:3200¢ B H:201 0e 1) H:269 Oc
a8 H:201 O¢ He26904 H 1506 O¢| T T - T ET

e e m e o R R HOO (o 1spc | —— CoFeMnN] o) h200c | ——— CoFe/MuN | H(O¢)
CoFe/MnN CoFe/MiN CoFe/MnN ® r-w—'—-- "
1N 75T (e} 20°C W@ 250C as [ as
=
=

E
H H H * Hps20e| Hg:369 Oc
I H4450¢ = H:3690¢ H.00c 5 HS5060e| FeHshe
H:435 O¢] H_:478 O¢ H_:629 O¢ o o S

i 1 H©OY H(O¢)

Fig.2. Magn;;.ic hysteresis loops of "CoFe/MnN layers with mgputterln
atmosphere N,:Ar=5:§ of MnN at different annealing temperatures.

Era——Y Ea— Fa——

Fig.5. Magnetic hysteresis loops of (a)-(d)MnN/CoFe and (e)-(h)CoFe/MnN
layers with different annealing temperatures.

100 s B\f\a e 600 . —#— MnN/CoFe| o MnNCoFe|
/ —i —@— CoFe/Mn! 700 CoFe/MnN
/N o s
~ © m Q 400
T T e 5T o
Anacaling teaper atarel'C) 200
o @N AT a 100 100
o, 0 o
vl )~ o 0 100 150 200 250 o 0 100 150 200 250
» Annealing Temperature (°C) Annealing Temperature (°C)
z Fig.6. Dependence of (a)H; and (b)H, of MnN/CoFe and CoFe/MnN films
T e by various annealing temperatures.
An caling tesper e () Anmealing teip avatere (C') y
Fig.3. Dependence of (a)H; and (b)H, of Cole/VMnN layers by various Conclusions \
sputtering atmosphere N,:Ar of MnN and various annealing temperatures. * The largest H, of 562 Oe is obtained in the presented Ta/CoFe/MnN/Ta
(a)MnN/CoFe . — (b)CoFe/MnN — films by sputtering at the room temperature followed by post annealing at
=88 ERE 150 °C.
2.4 8§ 4 Z‘ E E + High interfacial exchange energy of 0.47 mJ/m? attained for CoFe/MnN
s §2°3 2 s . films in this study is comparable to M. Meinert et al. (0.41 mJ/m?).
& & A ;.;L * In CoFe/MnN films, better Hy is found for MnN prepared at N,: Ar=5:5,
‘E’ 2 N nsc « At high annealing temperature, MnN(002) phase is transformed into
g g A 15 Mn,N(111) and Mn(111) phase, related to N disffusion during annealing.
= = N s * Compared to MnN/CoFe, CoFe/MnN films exhibit higher Hj at annealing
A 7 temperature 150°C .
% g 3 s % e 30 38 “ 45 0 ss « This study provides useful information to fabricate exchange bias
2-Theta(deg)) 2-Theta(deg.) CoFe/MnN system.
Fig. 4. XRD patterns of (a)MnN/CoFe and (b)CoFe/MnN layers with
different annealing temperatures.
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Introduction ‘ 1o+ (@) Ta/ Co/ MnPt r.._.—. ot () Co/ MnPt
MnPt, an antiferromagnetic (AF) intermetallic alloy with a very high q I
Néel temperature Tn ~ 973 K, has attracted much attention due to the 2 H
potential applications in sensors, magnetic random access memory = =
(MRAMs), read heads, and advanced spintronic devices. = He154.070e| 1 Hc:101.2 Qe
In this study, Ta/Co/MnPt films are prepared on SiO2/Si(100) B He:167.98 Qe| o} He:76.87 Oe
substrates at room temperature (RT) by sputtering at the external o + P — e i T
magnetic field of 1 kOe. The samples are annealed at designated HOe) L)
temperature, and then cooling to RT at the applied magnetic field of 2 101{(€) Ta / MnPt/ Co 1of-(d) MaPt/ Co
kOe. Ta underlayer effect on microstructure and magnetic properties of f
MnPt/Co are studied. = =
Experiment = *
o5 s
. Hc:196.31 Oe Hc:109.35 Oe
g g Film prepared He:227.69 Oe| He:127.7 Oe
. by Sputter % e B
sputtering e .
T e Figd. M-H loops of the (a) SiOxTa(3nm)/Co(5Snm)/MnPt(30nm); (b)
T . T~ N ‘“‘“"'}"““"'” Si0x/Ta(Onm)/Co(Snm)/MnPt(30nm);(c)SiO=/ Ta3nm)/MuPt(30nm)/Co(5nm); (d)
_ Ta@nm) Ta (3 nm) XRD Si0/Ta(0nm)/MnPt(30nm)/Co(5nm) annealed at 250°C for 1hr.
5nm Co
M-H curve 1o}{a@) Ta/ Co/ MuPt -of(b) Co/ MnPt
5 nm Co v g i VSM os s
~Oor3nmTa | O0or3nmTa
3 i i . Surface B H
Si02/Si(100) | Si02/Si(100) sorphslogy L £
ATM os 05
AEM Hc:165.19 O Hc:186.530e
. - 9 He:86420e | He:135.32 Oe
Results and discussion S e
HiOe) H{O2)
151(€)Ta / MnPt/ Co NE— wH(d) MnPt/ Co
3 o5
T g i S
?v:‘ S ? = H
z = , Hc:67.76 Oe Hce:221.150e
g Tal Col MnPt o He:166.77 Oe| He:185.64 Og|
ol Pt - o L A e B
Ta/ MhPt Co Figd. M-H loops of the (a) SiO2Ta@Gnm)/Co(Snm)/MnPt30nm); (b)
SiO2/Ta(0nm)/Co(Snm)/MnPt(30nm); (¢) SiO2/Ta(3nm)/MnPt(30nm)/ Co(Snm);
Wby Co (d) SiO2/Ta(Onm)/MnP(30nm)/Co(5nm) annealed at 275°C for 1hr.

20 25 0 35 4« 45 50 55 () T/ Vi Co
2Theta(degree) >
Figl. X-ray diffraction patterns of SiO2Ta(0 or 3nm)/Co(5Snm)/MnPt(30nm) and
SiO2/ Ta(0 or 3nm)/MnPt(30nm)/Co(Snm) anncaled at 250°C for Ihr.

e

" il
15 55

Fig5. AFM images of the studied films annealed at 275 °C with various thickness
of Ta underlayer (a) 3 nm and (b) 0 nm,

Conclusions

* Magnetic properties of Co/MnPt and MnPt/Co bilayer systems
with Ta underlayer annealed at various temperatures are studied.

Intensity(a.u.)

Ta/ Cof MnPt
Co/ MnPt

Tl MiEY Co * Ta underlayer is effective in flattened the interface and therefore
MiFe.Co reduced coercivity (H).
20 2 EY 3 r e % 55 * At the same annealing temperature, the exchange bias field (I,)
2Theta(degree) of MnPt/Co is always larger than Co/MnPt system.

Fig2. X-ray diffraction patterns of SiO2/Ta(0 or 3nm)/Co(Snm)/MnPt(30nm) and « This study provides useful information to optimized MnPt-based
Si02/Ta(0 or 3nm)/MnPt(30nm)/Co(5nm) annealed at 275°C for 1hr. exchange bias system.
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Wolft algorithm on Ising model

Zhang Yu-Hua (58 ¥ %) Ng Kwai-Kong (%4 %)

Abstract

In this paper 1 numerically study the two dimensional Ising model using the Monte Carlo method. 1 first introduce the Monte Carlo method with the importance
sampling and Markov process, then I show the delerent between the single-spin-[lip dynamics and wolll algorithm to simulate the Ising model in 2d square lattice ,
and thought the autocorrelation function to compare the efficiency of both the Metropolis—Hastings and Cluster Some of the programming details are also
presented. Finally the simulated results are analyzed and discussed.

Ising model

4?%*?’}‘_7%113%‘3 HARAL QAo h AR EE., A=
72 P S M BE . A8 LA BEARA B4t (spin) 6 (6=X1) .

z&ﬁ'ﬂ T vAad it 3R 2k B k) 3% Markov process. RS FHFYH

k3 A& spinih 7§14 A do 3K BB SLAS B R A Y B 6. KA

(1) Isingle-spin-flip dynamics g — 0 AL,

1L & &% F B A A R —{Bspin

23t e G et E (AE)

3.4¥—45% % (Acceptance Ratio) P,(AE)& ik & 2 & i 780H =2 T=2.5 T=

4EMNK, NA&AME R D "

A T B — A4 Markov process. £ 114X 2| AL SR AL AL RY 7 0k

(2)Wolff &

1.2 M ARE A —spini /7 804

2ARAF B Mspin B (FOKHAL) ALHRTHH.

34 R4 A S B K,

4,40 A7 R A 3 A £ 0 Acluster AR A4S # B clusterid 77 $046
SABETAM T HNK, NAME KD UGB THEEA8E Bt
R Bspin U F AN AL LR T )

TREEE T 6932%3 2 Ising modcl spin % ’\ﬁ?

Metropolis#& s 8] % :  P,(AE) = min[e~#4B) 1] /-Z-}l}m)'iT 2/In(1+v2)~ 2.2692. i&m T J=-1 (E#=) .

Wolfff k49 Clusterd & £ :p = 1 — e 2¥ HBAMRAHE, spindk P LB RAL. FRARSEKEBLED
B B 7 @ spins A R E, ﬁif&ﬁlﬁfiﬂ% K # 4 spin
Bl 7 &4, Spinh HEF) bR ALE A A, LSRG IR,
B) & ShAediph=0, BrA MR AR R E & 4 B A s s

Analysis and Results

r ~ / TeGmpn
/ Tm Gregh N

| l
X Wollt ﬁ - D‘J # {t iﬂ,‘ single-spin-Tip dynamics9 862 LK%, s 458 B % 8 LR

% [8 7 89 single-spin-[lip dynamicsé9autocorrelation [unction .
7 B A WolllH- ik, BAET=3, LA&AEL N

T A it Wolff - & d9autocorrelation function T M3 i 1t
single-spin-flip dynamics H: 49 % .

reference Summary and perspectives

MK ER, FFEAMNSFTIEEE /A, Chinese Journal of Nature, Vol.30 No.2: 98-101; Wolff5 & #9830 ﬁ"?ﬁﬁ % tbsingle-
spin-flip %, A& BREFEIH L

e B RAEB I E T, Bt

[2].Newman MEJ, Barkema GT, "Monte Carlo Mcthods in Statistical Physics, Clarendon Press, 1999

%?,J]‘i\’v\:::i]:\e»(/arlo simulations in classical statistical physics Anders W. Sandvik, Department of Physics, Boston A A Ao TSR AR )
e S , . . . ) - single-spin-flip, B8
4]. Hastings, W.K. (1970). "Monte Carlo Sampling Methods Using Markoy Chains and Their Applications"”. 2 ‘
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Introduction
600 —5—@on
120 T BEO) e (110)
o BRO(110) = A (111
. e p—
AW Eouum-. p——— QL) =t w__(isotropic)
Ew of 1 ~ A
HE g s00} A A A A
gw | i fi 4 § A A E! =
a0 g o 40} A A A A
= A @
G ET) 5 ) 5 10 g
Appliad Votage (V) [ 400 r : T _
= (111)-texture BFO films with high 10 20 P3“ 40 50 o0
. At 'ower ( VV’
CoPt-L1,(rhombohedral) polarization
Experiment Fig.3. Phase diagram of the textures for this studies 200 nm-thick
BFO films.

Pt(50nm)

(2) "f(b)
(737

>
=
@)
. 2
(@]
%
B
_ 8 s

BFO(150nm)

Copim) | U sEM w Swiee § s
oPt(5Snm 20 9l
sputter * 2 & f / 3’:; f /
F i [
Pt(20nm) TF gemoslectiey 2Pr:101 (uClend)) s 2Pr:135 (uClem?)
glass Analyzer R0 00 =00 w0 1000 1500 1000 500 500 1000
2000 E(kV/em) E(kV/em)
Fig.4. P-E loops of BFO(200nm)/ CoPt(x nm)/Pt(20nm)/40W at 500°C
: : CoPt 5 d (b)CoPt 10 .
Results and discussion j Aokt mmend(B)CobEll om.
- — _— T a < b
H £ 22 (a) H £ 22 (b) NE‘“'( ) ~ B {5
g g g3 g 4 § = p= 2 e S 2
E B E] p=40W = y P= O\QYDC B £ tEofuuny, e
E we| 3 A a5C é 3] " " 2 ey e 3
< = 'u. -
z ,JL asc| & we| B W £
g = § e P O
= f2oe Electric field(kV/cm) Electric field(kV/cm)
2 e e Fig.5. Leakage current of BFO(200nm)/ CoPt(x nm)/Pt(20nm)/40W at
20 30 ) 0 20 30 0 30 500°C (a)CoPt 5 nm and (b)CoPt 10 nm.
2Theta(degree) 2Theta(degree)
Fig.1. XRD patterns of BFO(200 nm)/CoPt (5 nm)/Pt(20 nm)/glass at : Conclusions

(a)P=40W and (b)P=30W deposited at various temperatures.
* Textures of BFO films can be controlled by sputtering

H H Z: g (a) g B gg g (b) parameters and deposition temperature: (111) at P=40W

£ B B, & £ E £ g and T=475-500 °C and P=20W and T=475-575 °C; (110) at

z aom | 3 ,f‘ P=40W and T=400 °C and P=30W and T=425-450 °C;
= I 2 % L ] i wW  (001) at P=30W and T=475-500 °C, respectively.

e — e | | VA —

= s Yyl 5 I aw|* When the growth temperature is 500 °C, 2P, = 101 nC/cm?

A A tm ek at CoPt 5 nm is attained. Increase of CoPt thickness to 10

0 30 W 30 0 30 0 0 nm could further improve 2P, to 135 pC/cm? due to low

2Theta(degree) 2Theta(degree) leaka ge.

Fig.2. XRD patterns of (a)BFO(200 nm)/CoPt (5 nm)/glass at P=40W
deposited at different Pt thickness and (b)BFO(200 nm)/CoPt (10nm) +  As a result, good ferroelectric properties can be obtained.
/Pt(20nm)/glass at 500°C deposited at different powers.
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Introduction

Exchange bias (EB), characterized by a shift of hysteresis loop L1,-MnPt advantage:

Magnetic heads

originated from the interaction between the ferromagnetic (FM) and | | High T\(975 K) Applications

antiferromagnetic (AF) layers, is foundation for spin-valve (SV) based Lithgs K oF LAY Gpiin® l MRAM

devices.

3333

3. Excellent corrosion resistance

For the most device fabrication processes, the

contact-induced damage may significantly affect

the fundamental properties of the devices, and

thus a quantitative assessment of the mechanical

properties of materials is important.

Experiment i el M e
4@ MnPt layer in films are prepared by sputtering at the external gu %
magnetic field of 1 kOe induced from NdFeB sintered magnets and 2, S\ pE—B—8 gm g PE o
N, and Ar atmosphere. £, - V| BlEeSgT TEER
@ To obtain and align L1,-MnPt, the samples are treated through field E. = Bl g,

(1 kOe) cooling from 150-425 °C to RT. R o e TR RS T
Fig. 4. Hardness of varied temperature on Mn,, Pt (x=54 ~ 50 ~ 46)

Analysis:
Y films.
1ot (a) R ——  op(b) 150 °C
Crystal structures by Surface morphology T T b5 &
XRD by AFM [(2) MnPt sputtered under Ar J |
2 08| — 48] |
3 gz None Hy:: 1340c]
g ;?: 0 H: 115 0 .1.nk'~"h'ﬁ"‘u le: 3400
hanical M curve )t 2 20, 20000y 200 200 40
by nanoindenter by AGM "MW \
g 5 ,&'ﬁmf W‘”""‘g" wf(e) 200°C 11 (8)250°C J————
™ | :"W‘A e w0 o8
A S | ;
H H g T W] X ® x @ s W% M__J ss00 -ns_J !
E i 5 L] -L0) HE2s0d M H: 21504
: i f 40 200 T 2m 400 000 200 000 00
A e ! S8 Fig.5. XRD patterns and M-H loop of Ta/CoFe/MnPt sputtered at
[etHsnd) o
' : Ar wf@RT [ ] sef(b) 150°C I
) Siow 05} * 05|
porcsptmssinmgost [(b) MnPt sputtered under Ny
30 - 43 £l &5
g B 8 ’M,,.-‘J Hg:None | H: 46 0c
" . X H 3 A0pe He20e | 19) He:820¢
Fig.1. XRD patterns of Mn Pt (x=54 ~ 50 ~ 46) film deposited with 2 g 4000200 000 0 w20 E
. . 1ol (¢) 200°C w} (d) 250°C
various annealing temperature, . 7v~—-* i () “‘;’;”W
Al "
(a) MngPt,,-350°C (b) MingPt,,-350°C (¢) M Pt,-350°C ‘ E] /
RIS 03|
w1 5 = Hp: 236 O gz 111 Oc|
T n:-;mu oyt Hz:tmoc
2000 00 40 2000 o 2000 4000

Fig.6. XRD patterns and M-H loop of Ta/Co/MnPt sputtered at N,

s
Conclusions
@ With increasing annealing temperature, MnPt is transformed from

Fig.2. Surface morphologies of Mn100-xPtx thin film (x=54 + 50 ~ 46) FCC to FCT(L1y).

at 350°C. @ Two major factors taken into account to explain the nanomechanical

5 ®30C 030C . m3soc properties with annealing temperature include reduced hardness by

40 0|
- W grain growth and enhanced hardness by the promotion of ordering of
< < 25
EH ER MnPt.

i o NN @ Exchange bias of the films deposited at N, is lower than those prepared

T T O Y ¥ ¥ TR s S TV T N ns

ht{pm) i) hitp) under Ar atmosphere probably due to poor crystallinity of MnPt.

Fig.3. Hardness of Mn Pt (x=54 ~ 50 ~ 46) films at 350 °C
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Measuring the size of polymer spheres by small angle light scattering
Professor: Tsong-Shin Lim(#k % k) Student: Wei-Yu Ku(5 of1%6)
Department of Applied Physics, TUNGIIAI UNIVERSITY, Taichung, Taiwan

Abstract

This study is to sct up a small angle light scattering instrument to measure the sample size. We use polymer sphere to test. The light source is a [He-Ne laser (wavelength

k=543 nm). After passing through the sample, we use optical power meter horizontally moved to measure the optical power at cach position, and cach position and
optical power meter are recorded (o draw an One-dimensional intensity prolile ol the scattering. Then using the deduced formula to curve [itting and the radius ol the
polymer sphere is obtained. We used two dillerent types ol optical power meters [or comparison, and used the results of the measurements (o analyze the advantages and

disadvantages of cach of the two optical power meters.

Theory Experiment

o _—

. B —
scattering light S

Cover the coverslip

Add 25 pl of diluted
1/10 polymer sphere
solution

Put hybridization
slide on the slide.

light source
The picture on the right shows the

completed sample. The figure below

When the lighi(wave vector direction Sy) hits particles P, Q, it produces
scattered light(we choose wave vector direetion Sy) . The scattered light has an
angle 6 with the dircetion of the light source. We call it the scattering angle.

shows two types ol optical design. Afier
laser passing through the sample. we put
white paper behind the sample as the
screen to view the image, or put the light
sensor or an optical power meter to

measured the light intensity.

The two scattered lights will get (o position 1 and position 2, respectively, and
the phasc difference between the two scattered lights is

dp =X =37 (8- 8,) = F7- (2stn2k). and &

sample

_ Gom$)
[So=51]

k

N . . _4m .6
We defined the scattering vector ¢ = ;—nsm 5
3

2_!!
A(x, )= Aghpe ~
25
Ay (x. )=Aghge &
and we call b; as scattering intensity factor.

sample

i(x-vt) aperture

Two scattering light wave equations are

power sensor

(x-vt) _
e iAg

Il there are N scatlering particles, then A gy =A; + Ay + Ay Ay
The sum of all light intensity / o< A+ A" = SN_y FN _, Ay? by by, e 187mnd

If it is a scattering of an arca in a continuous substance

woa
1=83 [ [ oG oG mdzar

-0 —00

.

The light sensor can change the different slit sizes to increase the resolution. We
can use bottom rail manual movement sensor and measure the optical power at

and we call p(7;) as scattering intensity density. diflerent positions.

The data-collection device records the position of the light sensor and the
corresponding optical power [or analysis.

If the continuous substance is a sphere of radius R and has a uniform scattering
intensity density p

9[sin(qR) —qR cos(qR)|?
LS ‘The optical power meter can measure a wavcelength range of 400 ~ 1100nm.

(aR)® o BN e
Measured light intensity range from SnW to SmW
Results « Tig. 3 (a)(b) show the results of the optical power () == (b) —
| R - . _ . o meter and the light sensor to measure the intensity B
The image ol the ?Lauefed light alier Ih? laser passes lhmu.gh the of the scattering light. L
sample will be a bright circle around the circle. as shown in Figure 1 e
Figure 2 shows the size of the polymer sphere with an optical |\ take the left and right peaks for curve fitting.

microscope. The radius of the polymer sphere is about 4.02 um. The result of Fig. 3 (a) fitting is R=4.04 um, as
shown in Fig. 4 (a): the result of Fig. 3 (b) litting
is R=4.19 um and 4.04 pm, as shown in Fig. 4 (b).

(a)

Figure 3 One-dimensional intensity profiles for
the scattering for(a) power meter (b) light sensor

(b) ©

Figure 2 Sample imaging of
optical microscope

Figure 1 Imaging of scattered light
on the screen (circle of 10 cm radius)

(o1 (: 7 io] 3

= e b ligt
Conclusion & Discussion
* The optical power meter can provide a large dynamic range, but we cannot record it position immediately. The advantage of the light sensor module is that it can record
the position and corresponding optical power immediately, but the dynamic range is small.

* The particle size of the polymer sphere obtained by the fitting is similar to the real size, but it can be scen from the one-dimensional intensity distribution of the scattered
light that the results measured by the two optical power measurements are somewhat inconsistent with the theory.

L

4 s

A
=
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Abstract

In this experiment, we want to discuss the effects of different environments on the fluorescence characteristics of graphene quantum dots (GQDs).
We mixed polyvinyl alcohol (PVA) and agarose gel separately with GQDs to measure their fluorescence lifetime. From the results, we found that
PVA and agarose gel will isolate GQDs from external molecules. thereby reducing the non-radiative transition of electrons due to reacting with
oxygen, resulting in a larger fluorescence lifetime. PVA possesses hydroxyl groups and agarose gel without charge, which also causes a change in the
radiation transition rate of GQDs and makes the fluorescence lifetime slightly different.

1. Introduction
Regular graphene has no band gap. Therefore, some scholars cut the
graphene or graphene-related materials to quantum dots by some
physical and chemical methods. Because of the quantum confinement

effect and boundary effect cause the band gap in the GQDs to be opened.

‘Therefore, we want to observe the changes in the fluorescence lifetime
of GQDs in different environments from this experiment and explore
what factors may be the fluorescent luminescence mechanism affecting
GQDs.

exciled slale

sp? Wi
thermal e

activation

short-wavelength non-
photoluminescence

Long-wavelenglly
photoluminescence

ground state

The principle of the fluorescence lifetime can be explained by the time
excitons which stay in the excited states. The number of the excitons in
the excited state is a function n(t) related to the time ¢, and the number
can be expressed by the following formula:

2O = U + k().
Where [I" is the radiation transition rate and k,, is the non-radiative
transition rate. Then find the solution of the function n(t) and get the
formula:

n(t) = n0e<_t/f),

Where ng is the number of excitons originally in the excited state, T =
(I + kur)~1. As mentioned above, the average time that the exciton is
in the excited state is the fluorescence liletime, which can be seen [rom
the average time of the Muorescence intensity decay. The formula is as
follows:
IR m@ar _ [ReeTar g2
ISnmar | CeCar T
It can be seen that the average time < ¢t > ol the (luorescence intensity
atlenuation is equal to 1, so the average time < t > ol the exciton to be
in the excited state can be delined as the [luorescence lifetime 7.

<t>=

2. Experiment

opticsl fiber

beam splirter

optical fber

connecting to
the counting cand
NI-602

warsAs adoasoront [eooyos

100X
abjective

suple

precision piezo stage

3. Result and Discussion

PVA GODs
sty

. i =
o

R S A A T

We can see that GQDs are more uniform in PVA, and GQDs in agarose
gel are more agglomerated than the others. We suspect that PVA is a
hydrophilic aqueous solution, which makes GQDs more uniform in
PVA. However, agarose gel is also a hydrophilic aqueous solution. but
after pumping and placing it in the dry cabinet. the GQDs that were
originally homogeneous agglomerated in the gel due to the loss of water.

Nommalzed

2001 \'

i i} i3
“Time(ns)

For the fluorescence intensity decay curve, we can use two exponential
decay functions for fitting data. 'The formula is as follows:

y=Aje T+ Aye T 4y,
Yo is the background noise, A; and A, are the amplitudes, and 7; and 1,
are the decay time. Brought all of them into the formula to calculate the

average lifetime < 7 >, The formula is as follows:
A1y 44,7,
ced o
The average fluorescence lifetime of GQDs is about 1.13 ns,
PVA+GQDs is about 1.35 ns, and agarose gel+GQDs is about 1.53 ns,
We found that PVA and agarose gel will isolate GQDs from external
molecules, and reducing the non-radiative transition of electrons
generated by the reaction with oxygen. Therefore the non-radiative
transition rate k,, decreases, and making the fluorescence lifetime t be
larger. In addition, since PVA possesses hydroxyl groups and the
agarose gel has no charge, this also affects the quantum state in GQD
and allects the radiation transition rate I. Thus the (luorescence liletime
T 0ol GQDs in PVA and in agarose gel are slightly diflerent.

4. Conclusion

» PVA and agarose gel will isolate GQDs from external molecules. Therefore reducing the non-radiative transition of electrons generated by the

reaction with oxygen, and making the fluorescence lifetime larger.

» Since PVA possesses hydroxyl groups and the agarose gel has no charge that affects the quantum state in GQD, the fluorescence lifetime of GQDs

in PVA and in agarose gel are slightly different.
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D.Y. Lin!, C.R. Wang!, H.W. Chang?, M.Y. Lee'
1Department of Applied Physics, Tunghai University, Taichung, 407 Taiwan
2Department of Physics, National Chung Cheng University, Chia-Yi, 621 Taiwan

Introduction Results and Discussion

Permalloy NiCo films has high permeability resulted from

high saturation magnetization. Compared with NiFe, NiCo _ _ L _{®yisee | ON5C Spsme
has a higher coercive force, thus limiting its application. ;‘ E 1 % 1

N interstitialled into magnetically soft FeTa film by = we 2109| 2 e 9709 [ Lk, 40009
sputtering during N, atmosphere forms FeTaN phase and ,} il 9 e D) P 4003
therefore reduces H, has been reported. ST LS e = =~ :

In this work, NiCo films were deposited in a nitrogen (d) 200°C ©250C [ ——
atmosphere, and the structure and magnetic properties of £* g
Ta/Nig,Co,y/Ta films are presented. £ §

L
Experiment 1 1 _J
a g E u(Q) £ £y T ke deo luoc] £

Fig.3 M-11loops of the Ta/Nig,Co,,(20nm)/Ta films annealing temperature at

(a) R1. (b) 150°C. (c) 175°C (d) 200°C (e) 250°C and () 300°C.

. (b) 150°C {©@I7°C fmmmernn
20—50 nm ' N & & e, : 196 (Oc) 2
2 a2l . He,, 196(0c) 4o
i ) O = P Wm0 dm | A 1) o _d:" I.m o dw | Am
g 1KOe)
. S— (d) 200°C (¢)250°C () 300°C
SiO " =1,. F— |
2 Substrate | g g
' e, 154000 | = 1o, 45 (00| L, 71(0)
a4 He,.:584(00) [ ae He i 45(0c) [ == He, 71 (%)
XRD VSM J R (o )
Structure \ Magnetic properties W st i T T el T T e
- B Fig.4 M-H loops of the Ta/NigCo4,(50nm)/Ta films anncaling tempcrature at
*Si0y (a) RT, (b) 150°C. (c) 175°C (d) 200°C (c) 250°C and (f) 300°C.
—=—NiCo 20 nm|
—_ . 250+ —e— NiCo 50 nm|
3
& 2004
b —
o 150
é NiCo (111)¥ 6
= d ~—
= Ta 20V ) mu 100
A ‘ N
" 7
WM“‘M u'J : 2 i)
L L AN Ar
& T % = 50 100 150 200 250 300
2Theta(degree) Temperature ( °C)
Fig.1 XRD patterns of Nig,Co,, film deposited under different atmospheres. Fig.5 Coercivity at different annealing temperature in various thicknesses.
(2)20m B - Conclusions
3 . 2 — »Structure and magnetic properties of Ta/Nig,Co,,/Ta films
f;’ wm‘m NGO 1INV % ' I NiCo20m¥ prepared in a nitrogen atmosphere with various thicknesses
g *NVMMMMMAM,M 300C| 7 ke 0] < ali » S
2 Mm 5 = - e , % and annealing temperatures.
£ B B e T = " &
g MM f‘:gfi E P o '5|| > The nitrogen has been successfully incorporated into the
s f T5C] W ipmrscmsonass (e NiCo lattices, but they exhibited a higher coercivity.
e —— : - . ‘ A : >As the annealing temperature increases, the nitrogen is
? ® 2'lhcm(dc;urec) . = * z,mm(d‘;';m “ diffused out from the NiCo lattices, and therefore the

Fig.2 XRD patterns of the Ta/Nig,Co,,/Ta films prepared annealed (a) 20 nm (b) 50

nm at 150°C-300°C.
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A study on the deep-Q reinforcement learning

Chen Jia-Hui
Supervisor: Kwai-Kong Ng

deep Q network, a method that combines artificial neural network and Q-learning.

Abstract: Computer is known for doing repeated boring work quickly. And now with algorithms of reinforcement learning, computer can learn and think as a human
does. In this poster, a cart-pole agent, which managed to balance a pole attached to a cart controlled by the agent, is designed and implemented. The agent uses

Reinforcement learning is a kind of algorithm that agent understands
nothing at the beginning. Then through continuous experimentation, the
agent learns from numerous situations and master the best strategy to
achieve the goal. Just like there is a mean virtual instructor, who don’t teach
how, but only rates your every action.

Q-learning is a model-free reinforcement learning algorithm. The goal of Q-
learning is to learn a policy, which tells an agent what action to take under
what circumstances. It does not require a model (hence the connotation
"model-free") of the environment, and it can handle problems with
stochastic transitions and rewards, without requiring adaptations.

Q™" (s,ar) « (1 —a) - Q(sy,a) +
old value

learned value

& -(n } v - maxQ(sp,a) )

o ¢ Sag. ~~
learring rate  reward  discount factor —_—
e 9 estimate of optimal future value

ﬂvimnmenr

A

~\1! I@Vlerd
Interpreter

Stag, JE.
L,

Action

Agent

Fig. 1. typical framing of a Reinforcement Learning (RL) scenario

Artificial Neural Network

Artificial neural networks or connectionist systems are computing systems
vaguely inspired by the biological neural networks and astrocytes that
constitute animal brains. Such systems "learn" to perform tasks by
considering examples, generally without being programmed with any task-
specific rules.

Hirden

Fig. 2. An example of 3 layers deep neural network

The environment used here is Cartpole-vl from OpenAl Gym. There are 4
observations in the environment, which are cart position from -4.8 to 4.8,
cart velocity from —inf to inf, pole angle from -24 deg to 24 deg and pole
velocity from —inf to inf. Two actions are available in the environment which
are push cart to the left and push cart to the right. At starting state, all
observations are assigned a uniform random value between -0.05 and 0.05.
Each training episode will end when pole angle is more than 12 degrees,
cart position is more than 2.4 from the center or episode length is greater
than 200. The agent is considered solving the cartpole problem when the
average step is greater than or equal to 200.0 over 100 consecutive trials.

At first | simply built the agent with Q-table and it didn’t learn anything
after hundreds of episodes and the pole always fell immediately right after
the start.

Step
5 8 8 8 8 8 3

°

25 50 75 100 125 150 175 200
Episode

After consulting my supervisor | realized cartpole is a continuous problem
and has numerous states, while Q-table stored every state it encountered
and learned from these state, so it would take months or even years to train
the agent.

The solution is to classify observation intervals into certain numbers, for
example cart position between 0.25 and 0.75 will be assigned 0.5. This
method lower the computation burden and the agent starts to last over 200
steps after 150 episodes. But there are still some glitches and agent can’t
last over 200 steps continuously.

200
175
150

Step
¥ 2 o 88

0 50 100 150 200 250 300 350 400
Episode

To make it better, | rebuild the agent with deep Q network, which replaces
Q-table with neural network and experience replay in Q-learning. The agent
masters and solves the problem after 62 steps.

500
400
300
200
100

100 200 300 400 500
Episode

Step

£
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Optimization of exchange bias in IrMn/Co films
Y.R. Lai!, C.R. Wang!, H.W. Chang?

IDepartment of Applied Physics, Tunghai University, Taichung, 407 Taiwan
2Department of Physics, National Chung Cheng University, Chia-Yi, 621 Taiwan
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S m 2 Conclusions
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= = > In this study, higher H,=167.1 Oe with small H.=15.61 Oe for IrMn/Co/Ta film at
0 . Py, =3.5 mtorr at room temperature with strong IrMn(111) texture.
- B s
or —_— . s » The decrease of Hy; at higher Ta working pressure related to weaker IrMn(111)
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s 6 7 8 3 7
Py, (miorr) P, (mtorr)
Fig2 M-H curves of the studied films with various working pressure of Ta underlayers, (E)H, and (F) IT, of

the studied films with different working pressure of ‘Ta underlayers as a FM layer and IrMn as an AT layer.

> In this study, higher Hg, for IrMn/Co/Ta film at P, ,, =5 mtorr at room
temperature with strong TrMn(111) texture.
» This study provides uscful information to fabricate exchange bias system with Co
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Structure and ferroeletric properties of BiFeO, films on =
glass substrates with FePd underlayer

Y.J.Ciao( % £%)' . CR. Wang(E &4=)!, and H.W. Chang(k %,8% )%

1Department of Applied Physics, Tunghai University, Taichung 407, Taiwan
2Department of Physics, National Chung Cheng University, Chia-Yi 621, Taiwan

Introduction |

*  Why BFO??

» The ferroelectric properties of BFO films are highly related to the
orientation, and the texture can be controlled by various sputtering
parameters, doping elements, and the selection of the underlayer
and substrates.

* The advantages of FePd include high magnetocrystalline
anisotropy, high saturation magnetization, high T, and good
chemical stability.

« In this work, adopting ferromagnetic underlayer, FCT FePd, in
order to obtain some magnetic and electrical properties with BFO
coexist antiferromagnetic and ferroeletric .

&
O ) @ Bi &
o e S e Fo &a’ ‘?
. fet @, “‘ «
° o
| 20 20 9
A= Ok s A0
s iyl on 3 w.
T L S
Experiment
Pt(50nm) Pt(50nm)
BFO(200nm) BFO(200nm)
FePd(50nm) FePd(30nm)
Ta(5nm) Ta(5nm)
glass glass
TF 2000
Results and discussion
g
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o |
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Figl. XRD patterns of BFO(200nm)/FePd (30nm)/Ta(5nm)/40W/glass deposited at

different temperatures.
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Fig2. XRD diffraction patterns of BFO(200nm)/FePd (50nm)/Ta(5nm)/40W/glass
deposited at different temperatures.
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Fig3. XRD diffraction patterns of BFO(200nm)/FePd (20nm)/Ta(10nm)/40W/glass

deposited at different temperatures.
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o
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B
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Figd. P-E curves of BFO(200nm)/ FePd (30nm)/Ta(5nm)/40W at 500°C
BFO(200nm)/ FePd (50nm)/Ta(3nm)/40W at 500°C
BFO(200nm)/FePd (20nm)/Ta(10nm)/40W at 550°C

Conclusions

Increasing the temperature to 550°C improves BFO(111)
texture .

Good ferroelectric properties with 2Pr=32.6 (uC/cm?) are
attained for BFO(200nm)/ FePd (30nm)/Ta(Snm)/40W at

500°C.

¢ The ferroelectric properties are related to the crystallinity

and surface morphology.
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Coercivity enhancement of sputtered FePd thin
films with Cu top-layer diffusion
P.H. Lin', M.Y. Li', C.R. Wang', ILW. Chang?*

! Department of Applied Physics, Tunghai University, Taichung
2 Department of Physics, National Chung Cheng University, Chia-Yi, Taiwan

Introduction (a) FePd (RT)
_ w0l FePd 1000} 40N © e 1000 50)() “
* LI,-FePd thin films is promising as a next gencration high-density magnetic "Esou égsoom C o 500°C
recording media and spin-MRAM. 8 3 3
Advantages : 1. 3 3. £ 5 g °
= — e —t) -1000) 1000, 1000]
g ¥ ‘Disorder Order Errroy o om0 500 oo 100 a0 500 w000
fec L1yFePd fet 10c) (O 110c)
L] L]
| ! (b) FePd (600 °C)
Pl P - I 0 Fe
y-FePd % 4 Feorls (o <SS 04~ 121000 FePd 1000 0 1000 o
Yeclphuse Ligtephase O P e g “2 o) 400°C “c s 500°C /T i
e Soft phase YePs Hard phase E £ (' é
0 ER
deposited at room temperature followed by a rapid thermal annealing %mo E,_Sm {‘ / gfsoo {
could lead to the phase transformation from the Al to .1, taal S o
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Fig.3 The relation chart(T, - ill)) of FePd(RT~700 °C)/Cu(10 nm) films post annealed at various
temperatures.
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Fig.l XRD patterns of FePd(RT ~ 700 °C)/Cu(10 nm) films post annealed at various

temperatures. (a) RT ; (b) 600 °C ; (c) 700 °C
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Fig.4 The data form of FePd(700 *C)/Cu(10 nm) films post annealed at various temperatures.

_ Conclusions

with are
studied.

*XRD patterns showed that all studied FePd thin films have a
preferred (111) orientation,

*With increasing annealing temperature, the phase transformation
from the A1 to L1, for FePd films enhances the coercivity.

*Cu top-layer diffusion is effective in enhancing coercivity of FePd
films with higher L1, degree, and the highest coercivity of 3000 Oe is
achieved for FePd films annealed at 700 °C and then Cu(10 nm)
diffused at temperature of 400 °C.

» Coercivity enhancement with Cu diffusion is related to the magnetic
isolation effect of FePd grain with nonmagnetic Cu.
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Introduction

Permalloy NiFe has received much attention due to high permeability
resulted from high saturation magnetization and low coercivity and good
anisotropic magnetoresistance.

In this work, NiFe films were prepared by sputtering at nitrogen atmosphere,

Magnetic properties of sputtered NiFe thin films with N interstitial

Y.S. Liul, D.Y. Lin!, C.R. Wang!, H.W. Chang?

1Department of Applied Physics, Tunghai University, Taichung, 407 Taiwan
2Department of Physics, National Chung Cheng University, Chia-Yi, 621 Taiwan
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and magnetic properties and structure of Ta/NiFe/la films with various
thickness of Nik'e layer annealed at various temperature are studied.

| Niggl'eyy Ta
Structure (a) FCC (0.355 nm) FCC (0.331 nm)
Curic ‘Iemperaturc ('C) 400 -
Saturation Magnetization (kG) 10.8 -
Experiment
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‘ : Structure
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Results and Discussion
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Fig.2 M-H loops of the 12/NiFe(20 nm)/Ta films anncaling temperature at (a) RT (b) 150°C (c) 175°C
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Conclusions

| »Structure and magnetic properties of NiFe films prepared by |

DC sputtering with various thicknesses and annealing
temperatures are studied.

»XRD result shows that NiFe(111) peak shifted to low angle
for the films prepared at N, atmosphere indicates N
interstitalled into NiFe lattice, and NiFe(111) peak toward
high angle with increasing annealing temperature reveals N
diffused out of NiFe lattice.

»N interstitalled into NiFe lattice leads to high coercivity, and
N diffused out of NiFe results in recovery of coercivity to low
value.
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Magnetic properties of sputtered Co/OsMn films
on the Si0,/Si(100) substrates
C.Y. Hung(t4R%r) ', , C.R. Wang( £ 54=) ', D.Y. Lin(#4&£ %) ' , HW. Chang(5k %.1%) >’

"Department of Applied Physics, Tunghai Universit
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Introduction —
oI
* Theoretical calculations predict that the Osvin ()W
033 M antiferromagnetic exchange interaction
T2 AM of Mn becomes stronger with
PEST IS ] decreasing 3d electron number at the ':
W[y W=~ O Mn site. %
ce< | A ® Therefore, it is expected that OsMn 7 Vo (111)
F22 N . ibi i &
o alloys  may  exhibit a  higher .ﬂé i
et Q o Néel temperature than RhMn and =
f222 I i IrMn_ alloys reported to have a very
ee i w) high Néel temperature.
vReRs o ! ¢ In this study, we explored the structure . . . . . S
p222d and magnetic properties of OsMn/Co & 5 X & w4 o . o*
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Fig.3 XRD patterns of the Ta/OsMn(10 nm)/Co( s nm)/T'a films
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- s % = - s pa a ¢« The increased exchange bias is related to stronger
1(Oe) OsMn (nm) magnetocrystalline anisotropy of OsMn, and smooth interface
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Study of shadow effect on flexible metal mask

Chih-Huang Liao (B2%{%) and Chia-Yi Huang (&5 %i%)*

*chiayihuang@thu.edu.tw

Department of applied physics, Tunghai University, Taichung ,Taiwan

ABSTRACT

The evaporation has really great directivity, so the metal mask in vacuum thermal evaporation will cause the shadow effect, and the main substance of this paper is
talk about how can we get the perfect graphics without the shadow effect by using the flexible metal mask in the vacuum thermal evaporation. We used the photoli-
thography and sputter to make our metal mask, and try to find out the best level of bending to solve the shadow effect, if we can solve the shadow eftect then we can
do more application on it.

FABRICATION

1.Arca of PET substratc = 2 x
2cm”

RESULTS

plane flexible

2.Photoresist = AZ400k
3.Spin-coating = 500 rpm, 10 sec
1000 rpm, 40 sec

4.Baking = 100 sce. 100°C

5.Exposure time = 12~16 sec d

\ 1. Silver deposition using sputter
= Shr
plane
A little
\\‘ 1.Development process =2 hr
b, < curve
”"ﬂ\ > We leave the silver part as the
\\ A metal mask
\
flexible

1.Area of PET =4 x 4 cm®
2.Cut a square hole in the middle

3.use PI tape sticky as shown as
the picturc

CONCLUSION

We try three different way to test the line width by planc,

a little curve, and flexible. And the results are flexible is
better than former. Then we compare their shadow effect
with the flexible and planc. As the result we can know that
the plane is obviously have shadow effect more than the
flexible one. In this study we find out that using the flexi-
ble metal mask for evaporation will have the better
graphics than using the plane metal mask. Not only can
solve the shadow effect. but also have more accurate line
width.

Q 1.Put the metal mask on the mold
which we made in previous step
2. Finally put in the evaporation
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Liquid crystal elastomer: drives a motor with a
chemical solvent

Yuxuan Lin (#£5287) , Chia-Yi TTuang* (3 3 1%)
Department of applicd physics, Tunghai University, Taichung, Taiwan
*chiayihuangi@thu.cdu.tw

Abstract

Liquid crystal polymer (1.CP) film is fabricated by a mixture of 1.C and polymer. The film is immersed into acetone and taken out from it. After ace-
tone fully evaporates in the air, the [ilm curves immediately. Experiment results depict that the curling rate of the LCP [ilm increases with the immer-
sion times and periods. These two factors can increase the degree of curling of the film.

4 N[ Result B

Fabrication

Glass tube alignment
(1) immerse the glass tube with a radius of 3.5mm
and a length of 10mm in DMOAP solution.

gmstbe  (2) put it into the ultrasonic vibration machine for
internal vibration.

womowe (3 put them in the oven to dry iL.

Figure 1. Curved Tiquid crystal polymer

Make liquid crystal polymer film
(1) ill the liquid crystal in the glass tube and keep

curved angle-periods relation chart

constant temperature iz 77
(2) continuing cxposurc to ultraviolct light to make ’ AA
the polymer polymerize - /

(3) wash the excess liquid crystal away

periads {sec)

Take out the thin film

(1) immerse the sample in HIY
(2) wait [or the glass tube 1o dissolved and remove
the film [rom the glass tube.

nele (degrel

Vigure 2, Dependence of eurved angles of LCP film on immersion periods.

curved angle-periods relation chart

Assemble the motor
(1) combine the removed film with two bearings
(2) drop acelone on one side

e (degre)

\ / Figure 3, Dependence of curved angles of L.CP film on immersion times.

@

Conclusions

After the acetone volatilizes on the LCP film, the ability of bending on LCP film decreased in a strong degree and finally become stable. However, the film
will resume the straight strip shape again when it exposed 1o acelone again and begin to bend aller acetone volatilizes again. Therefore , the LCP [ilm can be
reused. We can repeat the ability of curling and stretching of the film. We can let this work become a different kind ot operation to drive the machine.

NG J
~
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Magnetic and nanomechanical properties of
sputtered Co,Pt thin films

Y.H. Liu (B F)!, P.Y. Yeh(FAA4&)!, C.R. Wang(E §4=)!, H.W. Chang (3k i) ",
! Department of Applied Physics, Tunghai University, Taichung, Taiwan
2 Department of Physics, National Changhua University of Education, Changhua 500, Taiwan.

Experiment

CoPt films prepared by RF magnetron
sputtering at room temperature.

Various post annealing temperature

Analysis:

(300 to 800 °C).

by XRD

Crystal structures | Magnetization curve

by AGM

200nm CoPt | !

glass | nanoindenter

Nanomechanical properties | Surface morphology

by AFM

.
Introduction
Lattice
Structurc Elcment Topder (°C) K, (erg/em?) | M (emu/em?)
N constant
LI, CoPy, 600 7 x 107 520 a=0.3831
; o a=b=0.3803
LI, CoPL 600 5x 10 850 i o
iy CoPt 200-400 3.5x 107 940 a=0.3801
5 N : ” a=0.256
I m-D0, Co,Pt 300-400 2x 10 1100 fidh
- ol oY m-D0I9 Co,Pt Applications:
Annealing
‘ —) *Magnetic memory
o L7 < ; 5 s <
e 0% e *Advanced spintronic devices

For the most device fabrication processes, the contact-induced damage may
significantly affect the fundamental properties of the devices, and thus a

quantitative assessment of the mechanical properties of films is important.

Results and discussion

(11

(002)

Fig. 1. XRD patterns of CoPt thin film
MM 800°C| grown on glass substrate. Results show

that Co;Pt thin films are predominant

(111)-oriented, indicative a well ordered

microstructure.
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0E rf 08 nE
o5 A5 0z
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i ) N6 0| J Ha180c H:158 Oc

000 K000 001000 0000 E000 0w 1000 BT EC T

Fig. 2. M-H curves of 200-nm-thick Co:Pt;; thin films grown on glass substrate with various annealing

temperature at (a) 300 °C (b) 400 °C (c) 500 °C (d) 600 °C (e) 700 °C (f) 800 °C.

Fig. 4. MFM images of CoPt thin films grown on glass substrate anncaled at (a) 300 °C (b) 400

°C (¢) 500 °C (d) 600 °C (e) 700 °C (f) 800 °C,

Conclusions

* In this study, CoPt;; films with (111) and (002)-texture on glass substrate have been successfully prepared by sputtering.

* The intensity of peak of (111) phase is enhanced gradually and accompanied with (002) peak as the annealing

temperature is increased.

* The decreased coercivity with annealing temperature results from enlarged sizes of grain and magnetic domain.

* Young’s modulus and Hardness of CoPt films is decreased with the annealing temperature, related to larger grain size.
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by doping 0.2 at% Dy

D.H. Tseng!, Y.H. Liao', H.W, Chang?, S.U. Jen?, C.R. Wang', W.C.Chang?

1 .Department of Applied Physics, Tunghai University, Taichung, 407 Taiwan
2 .Department of Physics, National Chung Cheng University, Chia-Yi, 621 Taiwan

Introduction

Fe-Ga, Galfenol, alloys have attracted increasing attention due to high mechanical strength, good ductility, high imposed stress levels, low coercivify, and large saturation magnetostriction
(s ~ 350 ppm) at low external magnetic field (Hs ~ 100 Oe).

The magnetostriction of Fe-Ga alloy can be significantly increased by adding small amounts of R attributed to the formation and the tetragonal deformation of D03 phase caused by second-
order crystal field interaction.

In this work. effects on the

I properties i g Young’s (E) and shear modulus (G) at magnetic field (H), that is AE and AG effect, magnetic properties,

7

magnetostriction, and magneto-mechanical coupling duc to the Dy-doping have been studied.,

Experiment

Fey, Ga,;Dy, (x=0 ~ 0.2 ~ 1.0 ~ 2.0)
alloys prepared by Induction melting

Water quenched

Analysis
after 800°C, 3hr quartz tube heating

(RFDA ~ MS-meter ~ RLC-meter ~ XRD)

Result and discussion

__ elastic (or mechanical Jenergy

375 K= magnetic energy
114 .(3.)'* Fe,, Ga, Dy (x=0.2) o (b) Fe, Ga, Dy (x02) Sy @ 100 wl ©) i ©
111 ."‘1, o 370 -’"'"w-o-l.. .-0-0-0'"". 2 \. s
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F108} t ] muzeem | 265l \ / G4=37.1GPa v \ g s .
@, 1 f E=100.7GPa t ! Gp3ssora | £ u B e . o
F108 .l'l. ARIE=12.0% T 360 1§ Ackcmas% g -ep \0 ]
102 Y‘. b UM B -B- dMdHy; a = E 5
—e—LI/M 355 ol s .
+ 00 05 1 5 20 0.0 05 10 15 20 »
O I T T 2 1 0 1 2 r » C owm
H(kO¢) H(O¢) " i . . .
5 a Fig.2(a) pg, di,/dH, (b) K as a function of x and (¢)AE/E, as a function of K*for Feg,
:: (c) i o_e_o-o-e « ) e—e-e_ & o_e_e-e—e (GagDy, (x=0-2) alloys
8’0‘ pom— 3l / 4 — (ﬂ)
g8 % 9/"° bS3 3 /
= . SR / & Fe, Ga,,
:9 11 g: 3 7
4 G|> : d@’ 2y g ~ ~ Modified DOy ;
1 S | E a2 E
0@’ o ":_:"‘ 84,08 0 000 ‘:w.j“ a7s a X ~ DOy ]
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@ 48 70
Ty [ ——
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e | g
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Fig.1 (a) E-H, (b) G-H, (c) AE/E-H, and (d) AG/G-H curves of Feg, Ga,;Dy,, alloy o 0.0 05 1;0 15 2.0
(e) AE/E, and AG /G, of Feg, Ga;Dy, (x=0-2) alloys. X
Fig.3 XRD analysis of (a) Feg;Ga,; and (b) Fegs 4Ga Dy, , alloys, and
(c) phase constitutions for Feg, Ga,;Dy; (x=0-2) alloys.
Conclusons

® The attractive AL/E, of § % at very small 11 = 0.10 kOc and a significant enhancement of about 100 % from 6.1 % to 12.0 % in AE/K, at 11 = 2.5 kOe achicved
for ey, ,Ga,;Dy,,, alloy favors for applications.

<

® Large AE effect or mag hanical coupling is ed to correlate to modified phase constitution by doping Dy and magnetic softening,

@ The proportional relation between AEs/E, and K? suggests that the experimentally AEs/E, is consistent with theoretically calculated K? .

® This work provides an effective method for significantly enhancing the AE and AG effects and magnetostriction sensitivity for Galfenol alloys.
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Organic solvents detectors using TMPTA/liquid
crystal composited films

Ting-Shen Li (% i 4% ) and Chia-Yi Huang (55 £ i%)
*chiayihuang@thu.edu.tw
Department of applied physics, Tunghai University,
Taichung, Taiwan

%

Abstract

The TMPTA/liquid crystal composited films are fabricated from the mixture of TMPTA ,HTW and photoinitiator .An
empty cell with homogeneous alignment layers is filled with the mixture, and then cured using UV light for 40 minutes.
After polymerization, the composited films are taken out from the cell. Acetone, alcohol and their mixture are deposited
on the composited films. The transmittance of these films are measured with time. Experimental results depict that the
transmittance of the film that exposes to alcohol is constant with time, but that of the film that exposes to acetone linear-
ly varies with time. The transmittances of the film that exposes to the mixtures of acetone and alcohol decrease with
time. Therefore, the TMPTA/liquid crystal composited films can be used to detect organic solvents.

Fabrication Results

First of all, we make three kinds of liquid

5 ¥ crystal composed, 65% of TMPTA 025
/ (polymer liquid crystal), 33% of HTW
(nematic  liquid  crystal), 2%  of = -
(Photoinitiator), and we made the liquid S 015
|ﬁ crystal (LC) on the rubbed films of f o
H\ . 2cem*2em  glass-box which has already
N alignment, and the thickness of liquid crys- A
i tal film is about 50 um. Then, we use UV O o oieT 2 AT e 0151 0331 0511 0651 0831
o / —, light made the LC box curing for 40 Time i} Tine i
/, = ;i minutes, and the LC will become a film in-
side the box, and we take out the film from 1)the change of light intensity for acctone 2) the change of light intensity for alcohol
the box. After that, wwe cut four picces of 1) @Bub
_‘ 1x2 glasses, using AB glue to stick to a big
< 7z glass, after making 2 big glasses, we first 030 0451
\/ stick 2 pieces of big glasses to become a 025 0.40
small glass instrument. We use 20um spac- s 020 5 03
-~ - erto create a space so that we can put LC :? 0415 :; 0.0
;/ = “ film into the instrument. Then creating a £ o 3 o
] 77 1Ix1 hole at the middle of the instrument, 005 020
and put the organic solvents droplets on the oo 615
middle of that hole. 0331 0851 1011 1331 0331 0851 10:11
Time {mir} Time {min}

3) the change of light intensity for acctone
alcohol hybrid (1:1)

the change of light intensity for acetone alco-
hol hybrid (1:2)

Conclusion

We found out that LC film had the ability for detect various of sol-
vents. In this experiment, we saw some change of reaction of different
percentage of hybrid liquid composed. To enhance the sensitivity of

Acknowledgement

our LC film, we discuss that the ups and downs after we drop the sol-
vents on the film. The amounts and concentration is the main points
that influence how the linearly chart goes. We will find out more
kinds of different solvents 1o test in the future (or even use gas). Since
there’s some poison and harmful solvents fulfill in our environment,
maybe the small film can be a new instrument of detection in every-
where in the future.
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Detection of mercury ions using liquid
crystal cells with photoresist grids

Yuan-Ming Liu(%] /& %) and Chia-Yi Huang” (3% £ &)

*chiayihuang(@thu.edu.tw
Department of applied physics, TUNGHAI UNIVERSITY, Taichung, Taiwan

Abstract

Photolithography is used to fabricate photoresist grids, and vertical alignment films are deposited on the grids. The
mixture of SCB liquid crystal (LC) and ZT ligand is dropped on the photoresist grids. After mercury ions react with
ZT, the LC appears non-uniformly bright as the photoresist grids are placed between two orthogonal polarizers. Ex-
penmental results depict that the LCs in the photoresist grids exhibit uniformly bright states as the SCB/ZT mixture is
spin-coated on the photoresist grids. The limit of detection for the concentration of mercury ions is 10> M. There-
fore, the photoresist grids with the SCB/ZT mixture can be used to develop mercury ion sensors. The ion sensors are
compact, easy to carry, highly sensitive and real time.

/ Fabrication

‘ 5CB Liquid Crystal
0 ® ZTlLigand
s@- b, Hg?*
200 pum
— DMOAP
* » & » i‘lmu- Wiwte ‘ M—wwc
1 Il | 'I Jidirestidiie AAWsIANS

ITO glass with an Photoresist grid is Vertically  aligning The mixture of 5CB LC Mercury-ion solution is
area of 2.5 x 2.5 deposited on ITO layer is deposited and ZT ligand is spin- dropped on LC layer
cm’ glass on photoresist grid coated on ITO glass

and exposes to UV
light /
/ Experiment \

i 101 m ! 1022m

Theory

N

N2 \\/ w\
HLp v \‘ Vi \7 /

EMPI202

4

B
il

When the system was immersed in the solution con-

taining Hg*, the complex of ZT and Hg* formed,
which disrupted the orientation of LC and lead to a

dark-to-bright transition of the image of LCs which is The image of samples which is put in an optical microscope with
crossed polarizers, and by (a) titration (b) spin coater to coat ZT-
doped 5CB on the photoresist grids.

put in an optical microscope with crossed polarizers.

/
b
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Conclusion

The liquid crystal cell can be used to develop test strips for the determination of mercury ion in aqueous samples. * () }ui
The test strips are compact, easy to operate and visible to naked eyes. The method to coat ZT-doped 5CB on the f " 3_

photoresist grids by spin coater. It could greatly increase the uniformity ol the bright state. &

o
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Abstract
Blue phase liquid crystal (BPLC) cells exhibit non-uniform domains as the cells have no alignment layer on theirs
substrates. Photolithography is used to fabricate in-plane-switching (IPS) electrode. We intend to use IPS electrodes
to fabricate an uniform BPLC cell due to their unidirectional structures.

Fabrication

Photolithography
Y

etching

4 &

Fabricated empty cell

o |

EPG510 \ N Plastic substrate

We cut plastic into 2 cm x 2 cm in pieces and the
thickness is about 125 pm, then we deposited ITO on
the plastic substrates by sputtering. After that, we used
lithography to fabricate in-plane-switching electrode
pattern and etching ITO from substrates. We filled
with blue phase liquid crystals in empty cell which is
fabricated.

Conclusion

In this experiment, we use in-plane-switching electrode
structure to support blue phase liquid crystal aligned,
but this method need to enhance the process to let blue
phase liquid crystal more uniform and spend less time.

Experiment

There is a gap between ITO and upper substrate.

There isn’t a gap between ITO and upper substrate.

| !
Using thermal cycling.
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Determining the position of soma with deep learning

JEE= HH
HEBAR - fEEE

Department of Applied Physics, Tunghai University, Taiwan'

Abstract :  Artificial intelligence has become a technology that cannot be ignored in the 21st century. In particular, deep learning has
great progress in recent years, especially in the fields of Image and speech recognition. Research in neuroimages has also made
significant progress the help of artificial intelligence. FiyCircuit, the largest database of single-neuron images of Drosophila brain is
established in the Brain Research Center in NTHU, Taiwan. Current available data in FlyCircuif were processed manually or semi-
automatically. The approach is labor intensive and time-consuming. In this study, deep learning techniques are used to locate the soma
position of neurons from the Drosophila brain images. This is the first step to fully automate the image process procedure, which can
save labor and time. Convolutional neural network (CNN) is a powerful deep learning technique for image recognition. A CNN is
composed of convolutional layers at the top, a pooling layer, a flatten layer, and fully connected layers. This structure enables the
convolution neural network to take advantage of the two-dimensional even three-dimensional structure of the input data. The results
show that 95% of the soma can be correctly detected from 1399 neuronal images.

.
Introduction
Target Convolution neural network Experimental design
5 The neuron structure can be roughly divided into tow parts :
Cazzzlrualllon Pooling layer Flatten layer cOnFI'IIJeIZed soma , and neurite. The neurites are divided into dendrites and axon.
network layer Axon tend to be very long. So that we can “Tracing" the past data to

mark the end points and the soma of the cells. Capture the position
and surrounding image of the soma and the end point in the original
imane Mark sama as 1 and mark and naint as 0 ta train the moadel

Y
a of neuron

Machine Learning Framework and Result

Machine Learning Framework Result

+ Test Data :183811

* 1399 Data for soma

* 182412 Data for endpoint

» Accuracy : 0.994

* Guess soma’s Accuracy = 0.946

Compare the + Guess endpoint’s Accuracy = 0.9941
Generate ) _ difference A
Training-data Train the Predict the between the Guess: Soma , Ans: Soma Guess: endpoint , Ans: Soma
and model by result by predicted
Training-data Test-data result and
Test-data the actual
answer

Summary & References

Summary

« CNN model is ideal for processing images, even 3D images

« . number of endpoints is much larger than number of somas

« The amount of data is nor balanced (soma’s data and
endpoint’s data),need to try to balanced it.

Guess: endpoint , Ans: endpoint

References
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*  G.-W. He et al., Neuroinformatics 2017

* L. Liu, et al,"The Treasure beneath Convolutional Layers-Cross-
convolutional-layer Pooling for Image Classification,” CVPR,
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' of Two-dimensional Gratings with High Aspect
and Their Prospect in Liquid Crystals

Ting —Yun Wang (T-554])and Chia-Yi Huang*(&532#%)

*chiayihuang(@thu.edu.tw

Abstract

We fabricated High Aspect Ratio, HAR with lithograph and research the diffraction characteristics, and used a fishnet mask
in the prepared samples for grating preparation. In the measurement of diffraction properties, we tested the diffraction in-
tensity ~ diffraction efficiency and polarization with a Hi-Ne laser, and it is observed that the diffraction efficiency of the
two-dimensional is better than the planar gratings from the results of the diffraction intensity . We hope that the zero-order
light energy of the laser diffracted light can be distributed to high-order terms through this grating by this study. We hope to
apply the scanning elements of face recognition by the high diffraction efficiency of high aspect ratio gratings in applica-
tion .

partment of ap-

‘ - physics,
Fabrication Result
Planar Structure HAR Structure

Lithography
7~

1o
deposition

Diffraction Power Density Diffraction Efficiency (%)
(W/em?)

——Fam gain
AR et gaing

w

Fetrct gl

v iE: ! AR Hstiel gy g“
= 2- z
Lift-off s m
t; 1- ‘ EM
Plastic Substrate EPG510 ITO § : I
a

Afier the ITO is deposited on photoresist surface after 2 hosionm) -
patterning by sputtering. Because the target is isotropic
scatter in sputter, the ITO particle uniform spread in the
groove of the photoresist and none of photoresist. After

putting the sample of ITO sputtered into dimethyl ke- /
1

m
Rotation angla of analyzer (dog )

tone. the photoresist under the sputtering layer ITO dis- Conclusion
solved by the dimethyl ketone causing the 1TO layer ligh Aspect Ratio gratings are [abricated with lithograph. which
above the photoresist be detached. Take out after soaking has distinct diffraction properties compared to planar gratings in this
for fifteen minutes and bake at 80° ¢ for five minutes to topic. The experimental shows that the diffraction efficiency of the
two-dimensional high aspect ratio grating is greater than the dilTrac-
tion efficiency of the two-dimensional plane grating. That is to say,
a high aspect ratio grating is more capable of equally dividing the
energy of incident light to higher order diffracted light than a planar
grating, We hope to apply the identificd scanning clements by the
Acknowledgement high diffraction efficiency of high aspect ratio gratings in applica-
tion. It is more desirable to add liquid crystals to adjust the intensity
in luture and allow it to regulate the intensity and polarization of’
diffracted light through voltage and to increase the application of
identifying scanning elements. such as face recognition. fingerprint

dry the excess water , complete the High Aspect Ratio

‘The authors would like to thank the guidance of Mr. Chia-Yi
Huang, the help of the students and the R.0.C Taiwan Liquid
Crystal Socicty.
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Uniform blue-phase liquid
crystals on Mylar spacers

Yi-Chen Ma (% #3 & ) and Chia-Yi Huang’ (3§ &)

*chiayihuang@thu.edu.tw

Department of applied physics, TUNGHAI UNIVERSITY, Taichung, Taiwan

Abstract

Blue phase liquid crystal (BPL.C) cells exhibit non-uniform textures as they have no alignment. As an empty cell that is separated by 12
um-thick spacers is filled with a BPLC mixture, the mixture may flow to the spacers of the cell. Experimental results display that the
BPLC mixture on the spacer is uniform. BPLC cells with different cell gaps are used to find the reason. The BPLC textures in the cells
arc cvaluated by OM and AFM. Uniform BPLC cells can reduce their hysteresis, and be used to develop photonic devices, displays,

clectro-optical switches and electrically tunable [ocusing LC lenses.

Keywords : photoelectric » blue phase liquid

~

\

Fabrication

1.Prepare two pieces of ITO glass and
place spacers on both sides of it, use
a magnet to fix the upper and lower
sides of the glass. .( ITO facing inward)

2. Put the ab glue both sides of the
cell where have spacers, Wait until
the glue is dry, remove the magnet.
The blue phase of mixtures appeared
at the temperature T< 32.2 'C. The
mixture at isotropic state (~60 'C)
was filled into an empty LC cell
consisting of two ITO glass.

3.We heated up the cell to 33 'C and
then cooled down the cell to 24.5 C
at the cooling rate of 0.5 °C /min-

Temperature
control

4. The cell was then exposed by UV
light at 24.5 C with intensity ~1.5
mW/cm2 for 60 minute for photo-
polymerization.

Temperature

control

Conclusion \
This research infers the possible mechanism of uniform growth of blue-phase
liquid crystals on the pet spacer by observing and comparing the surface
structures of different it = The groove-like surface structure gives the blue-
phase liquid crystals similar rubbing alignment results, which can be used to

further develop uniform blue-phase liquid crystals. Tt is hoped that the blue-
phase liquid crystal will be the mainstream optoelectronic component in the

future by giving full play to its fast response and other advantages.

a

y

Experiment

Figurel (a) Blue phase liquid crystals grown on TTO glass. (b) Blue phase liquid crystals
grown on | 2um pet spacer. (c) Blue phase liquid crystals on 25um pet spacers. (d) Blue
phase liquid crystals on SOun pet spacers.

Figure 2 (a) blue phase liguid crystals grown on the 12um pet spacer’ s 40x om
image. (b) 2um pet spacer’ s 40x om image.

Figure 3 (a) surface structure of ito glass’s afm image. (b) surface structure of the 12um

\ 50um 100um pet spacer’ s afm image respectively /
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