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Influences of laser wavelength and intensity on perovskite solar cells

Guan-You Lin' and Forest Shih-Sen Chien**
1Department of Applied Physics, Tunghai University, Taiwan

Abstract
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Anisotropic magnetoresistance in Ta/NiCo/Ta nanocrystalline thin films
With different textures
PF. Sul(8%#:J7), CR. Wang!(F £12), H-W. Chang?2(7 52 1)

! Department of Applied Physics, Tunghai University, Taichung 407, Taivwan
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Introduction
dactios sl AD i i 2 i . Sensorfanne 2ur
The anisotropic magnetoresistance (AMR) of ferromagnetic alloys have attracted considerable attention for both the basic interest Momgeunigt a2 Mj'gnsl
and technological applications in recent years. i
Signalvara-be tungs
So far, the most commonly used permolly alloy material is NiFe. ic
NiCo alloy has high anisotropic magnetoresistance (AMR) of 5%, but NiCo alloy also has high coecevity, so few report related to N

NiCo in thin films formis available.

In this work, we investigate structure and MR properties of sputter-prepared Ta/Nig Co,/Ta films through proper post-annealing.
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o g 0% / Conclusions \
é j e o Structure, magnetic properties and AMR of sputtered NiCo nanocrystalline
1 d i
P . L e films are studied.
rerrsast Ceenones
g o Nico(111) and (200) textures are successfully developed by tuning sputtering
el

parameters and annealing temperature.

e The studied 2 series of films show good texture with flat surface, in-plane

magnetic anisotropy, and high MR ratio.
« High Mr ratio of 5.6% and 5.0 % attained for NiCo(111) and NiCo(200),
respectively, might be highly related to planar density of 0.91 and 0.74 for (111)
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Texture and ferroelectric characterizations of BiFeO,
thin films with Co,,,_Pt, underlayers

H.L. Chiang(Gx 1% #4r), C.R. Wang(E § 1=), and H.W. Chang(3k #%.8%)

Department of Applied Physics, Tunghai University. Taiwan

Introduction

BiFeO; (BFO) has received much attentions due to potential applications in memory and advanced spintronic devices based on the electric-
magnetic couplings. In order to facilitate these coupling, the use of ferromagnetic (FM) bottom electrode to induce a specific texture of BFO seems
to be a most direct way. In this study, BFO films were grown on FM Co,,,.,Pt, (111) underlayer(x=25~75) on glass and SiO,/Si(100) substrate by
sputtering. In addition to serving as a FM bottom clectrode, Co,go.Pt, (111) is also expected to reduce the formation temperature of BFO phase. A
CoPt layer with optimized (111)-texture was used to grow high-quality BFO film.

Experiment
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Using CoPt underlayer can reduce the growth temperature of BFO thin film with perovskite structure.
The structure of CoPt(111) can be tuned by Co,4,.,Pt, and substrate temperature. BFO films grown on CoPt(111) underlayers exhibit a smooth
surface and dense microstructure with small grain size.
Accordingly, CoPt underlayer not only as a bottom electrode but also enables BFO films possess ferroelectric behavior with good properties at
low temperature of 475 C due to low leakage current.
This study suggests an useful information to obtain BFO films with specific texture and also good ferroelectric properties.
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properties of BiFeO, polycrystalline films
with various buffer layers

C.R. Huang(3% 1% %), W.A. Chen(F ¥ %), C.R. Wang!( £ §4=), and H'W. Chang? (& 388 )

IDepartment of Applied Physics, Tunghai University, Taichung 407, Taiwan
“Department of Physics, National Chung Cheng University, Chia- Y1 621, Taiwan
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BFO as oxide ferroelectric films can be considered p-type semiconductors,
which makes it possible to combine them wath other n-type semiconductors
i multifunctional epitaxial heterostructures.

In this study, we use ZnO and ITO because they are al n-type
semiconductors. In this work, the structure of the polycrystalline thin film
was studied, and the microstructure and ferroelectric properties were
improved.
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EM and AFM patterns of BFO(150nm)/ZnO(30nm)/Pt/glass and
BFO(150nm)/ITO(250nm)/glass and BFO/Pt.
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« Microstructure and ferroelectric properties of sputtered BFO films on Pt,
ITO, and ZnO buffer layers on the glass substrates are studied.

» The tetragonal structure with (001) texture 1s obtained for BFO on the Pt
and ITO buffer layers, while (110) texture 1s found for ZnO one.

* ITO and ZnO could flatten the surface and interface of BFO layer,
therefore reducng leakage and improving ferroelectric properties.

* BFO on ZnO exhibits better ferroelectric properties due to (110) texture,
refined microstructure, and flattened surface.

* This study provides the important information to fabricate high quality
BFO nanocrystalline film wath texure and good ferroel ectric properties.
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Structure and Ferroelectric Properties of BaTiOs Polycrystalline
Films on glass substrat

Department of Applied Physics, Tanghai University, Taiclung 407, Taiwan
Deparhvent of Plysics, National Clung Cheng University, Clua-T1 621, Tazwan

I. INTRODUCTION

@ Perovskite EaTi0, (ETO) is one of the most important ferroelectric 6 -
ceramic material (To~130°C) with a high piezoelectric constant and s 700¢C 1T & 750 somT

dielectric constant. *1 2P, =82 pe/em? 1 2P,=40 pc/em?
@ BTO has a rich structural phase transition. From low to high . E=1044 kV /cm of ,.] Ec640 kV/em
temperature, there are crystal structures such as rhombcohedra, 2 s ., /
o tat 2 2
orthorhombic, tetragonal and cubic. - z
@ In addition to the cubic structure, BTO exhibits ferroelectric effect g 2 / AR /
and is tetragonal at room temperature. k| : - \w g :: i Y
£ A £
I T Pt ey g ==
“oBey el P R PP Electric Field (kV/er) Electric Field (kV/em)
! AT Poled, ~ DiPpk, ~ BATpH. PP FIG. 2. (a) P-E loop of ¥RD of BTO fitus growth oxygen pressures of 100mTorr at temperature 700°C.

e = (b) P-E bop of XRD of BTO films growth oxygen pressures of 100 mTorr at temperatae 750°C.
| Bizszesl Popens ~ BePo ik, bR |

ILLEXPERIMENT -

— . ® * a
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/ Pt or Fept(001) > .'. L] o ' .45'10111.52870(%1.)
Y ®
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P 141 1 2] 114 | ° Fe T aeoai
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dd “¥ wwilyisn 2PN ' o Pt A

@
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@ P20 wimm Aspwite f ot #%R-U0% °C o oo ad
Tl gt a
L1,FePt
Pt 30nm 30mT
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Tio, ®)
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S, i 1BTO(11)
g A 750°C =5
=] =
u .__./L 725°C < FePt(001)
2 z
LA 7o' ‘a
g
A : . . 50°C 2 FePI11)  opiona)
2 30 0 20 ':
2-Theta (Degree)
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FIG. 3(a) The structure disgramof BTO(001)/L1,-FePy(001). (b) XRD of BTO/FePt .

)
=
g o IV . CONCLUSIONS
2
g 1onTAC e The BTO films prepared by pulsed laser deposition on the glass substrates
= e shows ferroelectric properties, 2P,=40 uC/cm? at 750°C _.100 mTorr.
= BTO(021)4 e Compared with BTO(001) and BTO(011) structures, BTO (001) has better
S0m TA0OC - g
ferroelectric properties.
3omTA00C ® The selection of L1,-FePt(001) as a bottom electrode 1s due to the similar
s T s P lattice parameter between L1g-FePt (a = 3.86 &) and tetragonal BTO (a =

2-Theta (Degree) 3.96 &) trying to induce BTO (00) texture growth.

® The structure of BTO(001)/ L1,-FePt(001)1s still in progress.
FIG. 1(x) BTO thinfilns deposited at dferent temperatre . (b) BTO thin fibus dsposited wnder diff erent pressure
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Structure, ferroelectric and magnetic properties of

Hf, sZ1, sO, films on the glass substrates
W.S. Wang(E 1 )}, CR. Wang(E & 1=)!, HW. Change(5& jt.#)?

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

"Department of Physics, National Chung Cheng University, Chia-Yi 621, Taiwan
Introduction o \

Ferroelectric behavior based on HfO,-based films has been reported in recent years due to the ferroelectric phase e0 2

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 HfZrO, films, but few study on the

polycrystalline (Hf,Zr)O, films is available.

In this work, structure and ferroelectric properties of Hf, .Zr, .O, polycrystalline films with various oxygen

\Qre ssures and substrate temperatures are studied.

(" Experiment 1064nm 1064 ~ 532nm \ Crystal structures: XRD I )
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Fig. 4. SEM images of HZO thin films on Pt/glass substrate 10000 -5000 5000 10000 0000 500 0 5000 10500
with oxygen pressures of 100mTosr at various temperatuses of H(Oe) H(Oe
524 + 600°C and the various oxygen pressures of 28 + 200mToss Fig. §. M-H curves of HZO thin films on PUglass substrate ) 00 H00:300 '2"";:': . ::;ﬂ A0 200D, 0. 2000
at temperature 490°C. various oxygen pressuses of 25-200mTorr at temperature 550°C. Fig. 6. PE loops of HZ0 thin Se on Priglass substrate at
temperatwre S50°C.

/ Conclusons \

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) are coexisted for HZO films at laser wavelength of
532nm.
Microstructure analysis show uniformly fine microstructure with small grain size is observed for all studied HZO films, and the size of
HZO grains is increased from 10 nm at 525 C to 25 nm at 600 "C.

+ Ferromagnetic behavior found for the samples at the oxygen pressures in range of 25-200 mtorr is related to oxygen vacancies.
& A typical ferroelectric behavior with good properties is attained at 75 mtorr and 100 mtorr. J
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Introduction

® There are many researches that fabnicating %%, nanoparticle in liquid by chemistry way such as sol- 5::1 method or some phﬂsxcal ways like SANSS or LAL.
In this work, we checked what the properties ofsynthesxzed 1%, nanoparticles can be effected with the parameters on dashl

® This fabrication of nanoparticle 1s operating in liquid, so it’s necessary to consider the light absorption efficiency ofthe liqud, and we used laser source wath
wavelength 1064nm.

] Ir% fhls work, we investigated that the crystal phase or particle size of in-liquid-laser-process %%, nanoparticles are different with different power percentage
of laser.

a)[

usen |- | compuTer |

r prmiloaialioisa A0 VO || . - Particle size e e

v Crystal phase
\ o \ :

ERBrie-erizl st nenline By
m g8yl Blow~ BT pageivee

Uiquid medium
Sraerteam dntance

Titankum plate

Power of laser  No effect Influential  Influential

monlSz naninin
s wazplaze in

ISTROTT TR AV |
Puinatinn Fuz wune

g Zelline pPuzaz

Pur 205 fnPunating.

Future works:
@ Find the condition fabricating phase-pure
TiO, nanoparticles
@ Qualitative measurement of concentration
of Ti0, nano-colloid, compare the photo-
catalyst properties of TiO, nano-colloids
particle distribution TIO2 S0% LAL with different concentration

size distribution 100% Ti02 LAL

dapg # 5.4 Bvs Agyg # .5 lms

Conclusions

Results reveal power-changing process can only produce TiO2 NPs with

I u particle size in certain range and it won't only fabricate a particular phase
n L1 Sl e but change the proportion of each phase in the process.

2 R The laser power whose range was set from 20W to 10W, is so small, led to the

produced Ti oxide nanoparticles with the main phase in rutile.

»

—
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Exchange bias in Co/MnPt polycrystalline films
on Si0,/Si(100) substrates with Ta underlayer

Y.H. Chien!, P.H. Pan!, HW. Chang?*, CR. Wang!”, Lance Horng ?
1 Department of Applied Physics, Tunghai University, Taichung, 407 Taiwan.
2 Department of Physics, National Chung Cheng University, Chia-Yi, 621 Taiwan
3 Dep artment of Physics, National Changhua University of Education, Changhua 500, Taiwan.

o L B

nge bias systems, LlgMnPt

exhibited  high belcking temperature and
excellent corrosion resistance.
+ In this study, Ta/Co/MnPt films are prepared on sputtering
5+ Si0,/Si(100) substrates at oom temp erature (RT
CEE by sputtering at the external magnetic field of 1
kOe induced NdF B sintered magnets.
* The studied films are optimized by modification
of thickness of Ta underlayer and MnPt.

Crystal structures Surface moxp hobogy Magnetization c urve
= by XRD by AFM and SEM byAGM
g
§

g zzs;r A vsio/sy

20 25 30 35 40 4H£ 50 5 2 25 30 35 440 45 50 55
2B(degree) 25(degree)
Fig.1. XRD patterns of Co/MnPthbilayer deposited on various Ta thickness (a)
0 nm and (b) 5 ninwith various annealing temperature.

Pt
b

Mab (002)

Intensity(a.u.)

I

20 25 30 s 40 45 50 58

10{(x)225°C (2) 250 °C () 275 °C 26(degree)
i i Figd. XRD patterns of Ta/Co/MnPt film annealed at 225 °C with

various MnPt thicknesses.

09 25 20
§ns (a) —B-100m
=136 Oe =187 =189 —O-Maom

H H =187 e H =189 O 2 & e L

10 H=186 Oe H=220 Oe H=322 Oe A 3

= 100
s -
10|m) 25 °C () 250 °C ) 27 °C T ! E
WP °C { G 3
E’on J = s 2 s 2 3
* Man e / ) U / ,/ H=86 Oe 200 220 240 260 280 300 o
a0 H‘=l” Oe H‘=217(k H‘=u5 Oe o o 200 220 240 260 280 300
T T T WW e oW o T e T€0 (0
H(0e) W0e) Fig5. Dependence of (a)HB and (b)H, on annealing temperature for
Fi$)25Magnetic hysteresis loops of CnanPt film deposited on various Ta Ta/Co/MnPt film with various MnPt thicknesses.
thickness (a) 0 nmand (b) 5 mn with various annealing temperature. o P
0.90,
s CoMnPt e <18
085+ e Ta/CoMnPt e = E
0.80 [c] - Si74 {[/ = C/,“]/ ['/ 7 (C/“)cq]}os g ¥
2 E
0.75 ] Where (cya)eq 7- B58% X R
0.70 ﬂ Yalai An Jiwen Lim Venglang Ma and
- Zhonglow'Wa, Appl Ply. 41 (2008)165003 o 20 40 60 50 100
200 225 250 275 MnPt thickness (nm)
T(*C) Fig6. (a)-(1) AFM images of the studied films with various MnPt
Fig.3. Ordering parameter (S) of Co/MnPt films without and with 5-nm- thickness annealed at 275 'C and (e) dependence of roughness on MnPt
thick Ta underlayer annealed at various temperatures in the range of 225- thickness for Ta/Co/MnPt films annealed at 225-275 C.
275°C.

« The largest Hg, of 2 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.

— e - Flatter surface of Co/MnPt deposited on Ta underlayer is obtained.

Re-tssam 0.5 p Rt 0.5 8 + The strengthened diffraction intensity of MnPt (111) and the presence
- other diffraction peaks with MnPt thickness reveal enhanced Ll
ordering in MnPt layer.
e . « Larger H, than Hg obtained in 10-nm-thick MnPt results from larger
200 nm exchange interaction energy between the Co and MnPt than anisotropy
energy of MnPt.
Fig. 4. AFM and SEM images of ling temperature 225 °C with + This study provides useful information to fabricate exchange bias
various thickness of Ta underlayer (a) 0 nm am‘l (b) 5 nmn \Co/MnPt system. /
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Magnetic properties of MnPt/Co films on

glass substrates
Y.C. Chenl, HW. Chang?, C.R. Wang!, Lance Horng?

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

2Department of Physics, National Chung Cheng University, Chia-Yi, 621 Taiwan
3 Department of Physics, National Changhua University of Education, Changhua 500, Taiwan.

Introduction

MnPt, an antiferromagnetic (AF) intermetallic alloy with a
very high Néel temperature Tn ~ 973 K, has attracted much
attention due to the potential applications in sensors, magnetic
random access memory (MRAMSs), read heads, and advanced
spintronic devices.

In this study, Ta/MnPt/Co films are prepared on glass
substrates at room temperature (RT) by sputtering. The samples
are annealed at designated temperature, and then cooling to RT
at the applied magnetic field of 2 kOe. Ta underlayer effect on

microstructure and magnetic properties of MnPt/Co are studied.

. Experiment
- Ta @ nm) Film prepared
— Snm Co by Sputter
30 nm MnPt Crystal structures
XRD
. Snm Ta
sputtering e L
(at the external magnetic M-H curve
field of 1 kOe or no the GlaSS sub AGM

external magnetic field.)

Results and discussion

With applied field

—325
300
—275
250
235
—RT

28
-ray diffraction patterns of XRD p atterns of the samp le with applied field
a(3)/MnPt(30)/Co(5)/Ta(3) annealed at designated temperature for 1hr.

Without applied field

—325
—300
—275,
— 250
—225
—RT

/Anh

28
-ray diffraction patterns of XRD patterns of the sample without app lied

ss/Ta(3)/MnPt(30)/Co(5)/Ta(3) annealkd at designated temperature for lhr.
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" Snm)/MnPt(30nm)/Co(Snm) anneald at (a) 250°C (b) 275°C (c)

300 °C ; (d) 325 °C for lhr.
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s s
= 05 = a5
V He:79.32 Oe Hc:90.51 Oe
10 He:79.86 Oe 10 He:139.47 Oe
400 2000 0 2000 4000 -4000 2000 2000 4000
H(Oe) H(Oe)
10tig, 300°C e 10i#; 325C e
22
05 05
Z 0o } Z 0o
< &
= s = s I
.@J Hc109.35 Oe Hc:112.17 Oe
10 He:127.7 Oe 10 - He:125 .45 0e
00 2000 O 2000 4000 000 -2000 2000 400

H(Ce) H(Ce)
-( M-H loops of the sample without applied field
. Snm)/MnPt(30nm)/Co(5Snm) annealed at (a) 250°C (b) 275°C (c) 300

°C ; (d) 325°C for 1hr.

Conclusions

+ Magnetic properties of the sample with applied field
and the sample without applied field systems annealed
at various temp eratures are studied.

+ At the same annealing temp erature, the exchange bias
(H,,) of samples with applied field is always lager than
the samples without applied field.

* This study provides useful information to optimized

MnPt-based exchange bias system.
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Structure and ferroelectric properties of BiFeO,
films with CoPt/Pt buffer layer on glass substrates

M.L. Chen(f % 7%)! , C.R. Wang( £ & 4= ) and HW. Chang(5& 8¢ )?
IDepartm ent of Applied Physics, Tunghai University, Taiclung 407, Taiwan
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[ Introduction ]
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sputtered FePt thin films
D.Y. Lin!, P.Y. Yeh!, C.Y. Shen?, H.W. Chang*", M.Y. Lee!, C.R. Wang!

!Department of Applied Physics, Tunghai University, Taichung, 407 Taiwan
2Department of Electrical Engineering, Hsiuping University of Science and Technalogy, Taichung, Taiwan

3Department of Physics, National Chung Cheng University, Chia-Yi, 621 Taiwan

Introduction

Weight Percent Platinum
e ’“L" — = tw L1, FePt Advantage :

‘:; r 1.high K,~7x107 (erg/cm’)
¥ 2. nice T, (~450°C)
Enf:“d 3.large M (13.8 kG)

: 4. good chemical stability

"
R AemcEmme R

Experiment
1

Thickness 30 nm 30 nm
- FePlt
Anncaling 300-700 °C 300-700 °C
Pulse frequency(PF) - 35 kHz
Pulse duration(PD) - 0%
v v v v
\ \
XRD ‘ SR J[ WL H TEM l
Magnetic Magnetic
Structure = Microstructure
L properties domain )
+8i0y
(@)
mony
amv

Intensity(a.u.)

iy

Intensity(a.u.)
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2Theta(degree)

d),=2.204 [l‘ T
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Fig.l XRD patterns lor the FePt lilms prepared by (a) de sputlering and (b) pulsed de sputtering
followed by post-annealing at 300-700 °C.
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Fig.3 M-IT curves of FePt films prepared by de sputtering annealed at (a) 500 °C, (b)600, (¢)700 °C,
and pulsed de sputtering anncaled at (d) 500 “C, (¢) 600°C, (f) 700 °C.

106 § = &

micro-clectro-
mechanical systems
(MEMS)

Applications of FePt alloy -

Magnetic Targeted Carriers (MTCs)

Rare report on FePt films prepared by pulsed direct current sputtering

is available, in this work, magnetic properties, structure, and
microstructure of FePt films prepared by pulsed de sputtering are studied.
Magnetic properties and structure of the films prepared by dc¢ and pulsed
de sputtering are also compared.

Results and Discussion

10000 -
s 1@
g 8000 -
& eo00-
= BT N\
o 18 0
5 4000 I 3 pulse de sputtering 11,
(3 2000 A desputtering 11,
r -O- pulse de sputtering 11,
0-

- desputeering F,
500
Anncaling temperature (°C)

400 600

Fig.3 (g) Comparison on coercivity of FePt films prepared by de and pulsed de sputtering and post
anncaled at 300-700 °C.

lig.4 TIM images tor the I'ePt films prepared by pulse de sputtering (a)(b) as-
deposition, and (¢) de sputtering followed by post-anncaled at 700 °C, and (d) pulse de
sputtcring and post-anncaling at 700 °C. MFM imagcs for the FePt films prepared by (c)
de sputtering and (f) pulsed de sputtering followed by post-annealing at 700 °C.

Conclusions

» Comparing to conventional straight dc sputtering, the films prepared by
pulse de sputtering have a 100 °C lower onset temperature of ordering,
higher ordering parameter, well developed (001) texture, and
remarkable perpendicular magnetic anisotropy.

» The as deposited film prepared by pulse de¢ sputtering was identified
having a higher tensile strain in in-plane dircction, which is considercd
as an assistance for the development of (001) texture.

» The results of this study suggest pulse dc sputtering as an cffective
approach to prepare high quality FePt thin films with strong .
perpendicular magnetic anisotropy.
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N-body simulation by Barnes-Hut algorithm

Shao-Fu Liu ( £[/D ) , Kwai-Kong Ng ( S2f£5¢ )
Department of Applied Physics, Tunghai University, Taichung, Taiwan R.O.C

Abstract Simulating systems of many bodies, like interacting galaxies, can be a very difficult task due to the limitation of computer power. In general,
calculating forces between bodies in an N-body system requires O(N?) operations and simulating a massive n-body system of 10 bodies becomes
impractical. Therefore different hierarchical methods are being developed to tackle this difficulty. One of these hierarchical methods that requires
O(NlogN) operations is the Barnes-Hut algorithm, which is the method employed in this study. The crucial idea in speeding up the brute force n-body
algorithm is to group nearby bodies and approximate them as a single body. If the group is sufficiently far away, we can approximate its gravitational
effect by considering its center of mass alone.

Constructing tree structure

The Barnes-Hut algorithm use an quad-tree structure to group bodies that are sufficiently nearby. P
Bodies are divided into quadrants recursively, as shown in the figure, and are assigned to the a2 oo

nodes of a tree structure as the following procedure:

1. If node x does not contain a body, put the new body b here. .
e oH

2. If node x is an internal node, update the center-of-mass and total mass of x. Recursively insert
the body b in the appropriate quadrant.

3. If node x is an external node, then there are two bodies b and c in the same region. Subdivide @ » 0
the region further by creating four children.
4. Then, recursively insert both b and c into the appropriate quadrant(s). Since b and ¢ may still ©.0 ° ° ° e
end up in the same quadrant, there may be several subdivisions during a single insertion. 00
® L J
5. Finally, update the center-of-mass and total mass of x. L U
. body Regionwih>] body @ Emply quodrent

Calculating the net force

To calculating the net gravitational force acting on each body, we need the following recursive procedures starting with the root of the quad tree.
Assuming that we want to calculate the net force acting an body B.

The force calculation use the Newton's law of universal gravitation :
- Gmgm;
F= Z Pl
T Tig

1. If the current node is an external node(it is not body B), calculate the force exerted by the current node on B, and add this amount to B's net force.

2. Otherwise, calculate the ratio S / D. If S / D < 8, treat this internal node as a single body, and calculate the force it exerts on body B, and add this
amount to B's net force (S represents the quadrant side of length. D represents the distance from the body B to the center of mass for the root cell.
0 represents the accuracy of the simulation.)

3. Otherwise, run the procedure recursively on each of the current node's children.

Time evolution

Given a body’s net force, we can use the Newton’s 2rd law to compute the acceleration of the body.
The ordinary differential equations are solved numerically by using the standard Runge—Kutta methods.

Then update the body’s data and build new quad-tree, calculate the net force, solve the ODE, and run the procedure recursively .

Three stars system simulation

Three stars system time=1day Three stars system time=90day Three stars system time=180day Three stars system time=270day

Reference

[1] Horellou. D. C., Bjerkeli. P., (2007). N-body simulations of interacting galaxies (Master's thesis, Chalmers University of Technology). Retrieved
from https://research.chalmers.se/en/person/gu97pebj
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[3] T. Ventimiglia., K. Wayne., (2003). Barnes-Hut Galaxy Simulator. Retrieved from http://arborjs.org/docs/barnes-hut (2003).
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jased on Sirlver Nanoslits Embedded
with Liquid Crystals

Yu-Hsuan Tsai'’, Li-Yu Wu', Kuang-LiLee?, Pei-Kuen Wei2, Chia-Yi Huang’

Deparimentof Applied Physics, Tunghai Un iversily, Taichung, Taiwan
“Applied Scienc es, Research Center, Taipei, Taiwan
* presenting author:Yu-Hsuan Tsai, email 1stina051 2@gmail.com

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 its 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.
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Abstract

Chinese herbal medicines are the supplements that we use daily to regulate the body and treat diseases. Most of the Chinese herbal medicines rely on im-
ports, so they cannot control the quality of medicinal herbs. I environmental factors cause the heavy metal content of Chinese herbal medicines to be too
high or artificially add sulfur dioxide to facilitate Save, it may cause harm to the human body. In order to allow people to eat safe Chinese medicine. we

use terahertz spectrum analyzer to inspect licorice and angelica.

Theory

‘Terahertz radiation consists of electromagnetic waves within the band
of frequencies from 0.1 to 10 terahertz(1 THz = 10'* Hz). Photon ener-
gy in the THz regime is less than the band-gap cnergy of non-metallic
materials and thus THz radiation can penetrate such materials without
damage. Therefore, we use THz beams transmit through Chinese medi-
cinc for our study.

Fabrication

Chinese herbal medicines are sliced by an appropriate size. Then use
two pieces of PET to seal the Chinese medicine, measure the transmitted
spectrum difference of the sliced samples with soaked metal ion and
without metal ion. The samples are placed in a room-temperature drying
oven or use a low-temperature heating to evaporate water vapor before
measurement.

0]
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@
g 801
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Fig. 1. Licorice is immersed in iodine 1-butyl 3-methyl ionic liquid.

As shown in Figurel, The signal of the licorice slices 1 and 2 im-
mersed in 1-butyl-3-methyl iodinated liquid and removed moisture.
detected by the Terahertz transmitted spectrum was significantly re-
duced.

Figure 2 shows that licorice slices were soaked in chromium nitrate
and placed at room temperature for 2 hours, 4 hours, and 6 hours until
the penetration signal was closer, indicating that the ellect of moisture
was lower and the licorice was affected by metal ions.

Transmittance (B}

rice2
Zhour Licorice +Cr{NO.),
10] —— 2hour Licorice2

| —— dhour Licarice+CriNO

| —— ahour Licorice2

130 1 —— ghour Licorice1 +CrNO, ),
140 4 —— shour Licorice2
T T T T T T T
00 01 02 03 04 05 06 07 08 08 10
Frequency (THz)

Tig. 2. Comparison of the transmitted spectrum of the licorice slices
soaked with chromium nitrate for 2 hours. 4 hours. and 6 hours.
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Fig. 3. Comparison of transmitted spectrum of the organic angelica,
non-organic angelica and non-organic licorice alter removing moisture.

Figure 3 compares the transmitlance dillerence between organic angel-
ica, non-organic angelica, and non-organic licorice after the three sam-
ples were heated in an oven at low temperature and the weights were
measured until the moisture almost volatilized. Tt was found that the
non-organic licorice has the lowest impact and is not susceptible to
moisture when stored at room temperature.

Conclusion

Megahertz speetrum analyzers have a high [requency of radiant ener-
gy that is sensitive to metal ions, and can also test foods for anti-
corrosion components.
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Abstract

lonic liquids that are poured into the 1TO-coated PET substrate use voltage to control the change of transmittance as a commercial te-
rahertz spectrometer (TPS 3000, TeraView) is used to measure the transmittance of the ionic liquids. Instead of traditional metals, we use a

well-conductive ionic liquid. Because of ionic liquids are easily prepared to our desired concentration. Consequently, such a cell can be used
to develop intensity-switchable terahertz modulators.

Fabrication

Cut the Polyethylene terephthalate (PET) substrate into one sizes, which is 2 em* 1.5 cm. Then let PET substrates be deposited 1TO. Put
spacers(50um/100um) on the PET substrate and take another PET substrate covering up, and let spacers be clamped. Used AB glue to seal
the cell then infuse ionic liquid. After that, we also use AB glue to seal another side of the cell, which avoid ionic liquid effluence. Strip-
ping wire-wrapping wire silver plated clamp with self closing tweezers and then dot AB glue on the both ends of the wire and dot colloidal
silver on the middle of the wire (Fig. 1). After waiting for them to get dry, setting up AC power supply and clipping wire-wrapping wire
silver with alligator clip then passing voltage. Using a commercial terahertz spectrometer (TPS 3000, TeraView) to measure spectra of the
cell. When we switch different voltage, we can measure different transmittance.

Fig. 1. Geometry of an I'O-based with ionic liquid I'l1z modulator.

Results

Transmiftance (46)
Tranamittarce (c8)

Transmittance {dB)
Transmittanos (d2)

7] o5 o o (@ ce
Frequency (THz) Frequency (THz)

- 3]
a 08

o f—
Fig. 2. Shows the relationship between transmittance and fre- Fig. 3. Shows the relationship between transmittance and frequency

quency and ionic liquid usc 1-Butyl-3-methylimidazolium chloride. and ionic liquid use [Cu(l1,0)4]SO411,0. Thickness of spacers 50um
Thickness of spacers:(a)50um (b)100um Molarity :()10°-9 M (b)10°-6 M

Conclusions

. This device can be used to develop terahertz modulators.

. Using [Cu(H,0)4]SO4-H,0 as ionic liquid is better than 1-Butyl-3-methylimidazolium chloride because it is dissociated out of 2-valent
ions.
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Terahertz filters based on metamaterials deposited on plastic substrates
Jing-Ya Chiu and Chia-Yi Huang"

Dept. Applied Physics. Tunghai University. Taichung 407, Taiwan. Republic of China

Presenter: Jing-Ya Chiu
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Abstract
This plastic substrates are widely used in different degrees of people due to their high comfort. A metamaterial layer of im-
print split-ring resonator (SRR) is deposited on the surface of a polyethylene terephthalate (PET) substrate and can be imprinted
by plastic substrates by imprinting technology. When the plastic substrates with SRR attached absorbs water, the film will become
soft and distorted. The transmittance of the resonance gap of the metamaterial is increased with the water content. Therefore, the
plastic substrates with the metamaterial can be used to develop intensity-switchable band-stop filters in the THz regime. )

( Theory \

We use plastic substrates to imprint SRR patterns on the surface of the PET substrate. When all SRR patterns transferred to plastic
substrates then we drip some reverse osmosis water (RO water) on substrates to measure signal changes.

e re
IATAYAY, "\
ke () ‘ilM’\ \lu 1 e
KIE ‘S,E ’\)-- “ \f
(i) surface plasmonic resonance, SPR (ii) curve of dispersion (iii) schematic of split-ring resonator (iv) LC circuit

Fabrication
A metallic material of silver is deposited on PET substrate by sputtering, as shown in Fig. (a). Then the photoresist (ENPI 202) layer is
coated on silver and patterned as SRR structure by photo-lithography, as shown in Fig. (b). In Fig. (c), silver is wet etched by aluminum
etching solution. And the patterned photoresist above patterned metallic material is removed by acetone, as shown in Fig. (d). Finally in
Fig. (e) and Fig. (f), the sample is imprinted by plastic substrates to transform metal SRR patterns from PET substrate. Terahertz spectrom-
eter (TeraView TPS3000) is used to measure the frequency domain spectrum changes of SRR on plastic substrates when it expand.

Experiment \ [ Results \

e ]
&2 "
~ pl|
. o « Blue — Sample A

(a) Ag deposition  (b) Developing (c) Wet etching . brebex * Orange — Sample B

&2‘00 P f

(d) Acetone bath (e) imprinting (f) transform SRR Sample A > Sample B
< Absorbing water & Absorbing water

k‘—’ PET substrate Bl Ag | ENP1202 L Plastic substray \ Changes of different plastic substrates samples )

Conclusions

. The surfaces of plastic substrates are not completely flat when the SRR patterns are transferred to the substrate.

. Metamaterials deposited on plastic substrates can be used to measure changes in the spectra of other organic solvents.

ek
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Passively Tunable Terahertz Metamaterials
Using Nanoparticles

J.K.LIU and C. Y. Huang*

Applied Physics, Tunghai U sity, Taichung, Taiwan

*[Contact E-mail; chiayihuang

Abstract

This work uses light polymerization to fabricate nanoparticles on a glass, and then metamaterial is deposited on the glass with the nanopar-
ticles using a metal mask. Experimental results reveal that the resonance frequency of the metamaterial with the nanoparticles is shifted from
that of a metamaterial without nanoparticles because the surface area of the nanoparticles affects the electromagnetic resonance of the met-

amaterial. The metamaterial with the nanoparticles can be used to develop passively tunable terahertz filters.

Mechanism

=iV,

m
qh Froquency (THz)
Fig 1. Surface plasmon resonance. Fig 2. Surface plasmon resonance occurs as polarization is set Parallel to the gap.

Alignment film |

Fhelocarable monomer |

4 Two glasses with an area of 2cm x 2em are used in this study. After alignment films are deposited on
the glasses, they are rubbed along the same direction. The glasses are sealed into an empty cell. The cell is
filled with a NOA65-doped E7 mixture, and then irradiated with UV light. Nanoparticles are formed on the
glasses due to light polymerization. The glasses are separated carefully. One of the glasses is deposited

with a patterned silver film using a metal mask. The sample is measured using a terahertz spectrometer.

Han-partcea-SAAIFwwsFal) Samive Spuckim Har-partizinss SR e Fai) Sample Specium
Ml partdee SRR My Fay Samgh Spesvim

Transmitancs (4B}

[ e o v s > . o o ) B y - r
Fomuaney (THe) Freuany Tz Fraguane (1| Fraguanes (Tra)

(@) ®) @© (C)
4 When our glass substrate (2em * 1.5cm) measure in terahertz spectrum, we find the Broadband. Shown in (a), It’s during 0.4 to 0.6 THz. The
reason of the Broadband appearance is the surface of glass we modify. We ‘’make” a layer of nanoparticle film that increases every SRR’s length
and width. Shown in (b) and (c). According to the formula (Fig 3.), it change the L. every SRR’s L is different because of random size of

nanoparticles. Therefore the irregular surface causes they absorb the different bands of terahertz.

Conclusion
|

L: Tnductance (4, B and ) # In principle, there are many reasons of broadband appearance, we only figure out one of

them. In the future, we must carry out more experiments to exclude other possible factors and

C: Capacitance (G and & . = = c 2 e cois
= : ! ensure our conclusion. We also want to find more effective applications of this broadband.

Fig 3. The information of SRR(Splitting resonance ring).
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Fishnet gratings based on photoaligned liquid
crystal cells

Mi-Chia Hsu( 4580 ), Chia-Yi Huang™( ¥ Fik )

This work fabricates a fishnet grating by exerting two one-dimensional (1D) holographic interference fields with mutually orthogonal grating vectors separately on the

substrates of a dye-doped liqud crystal (DDLC) cell. The DDLC mixture in the cell includes a nematic LC, methyl red (MR) dye, and 4-methox yazobenzene (4MAB) dye.
The fishnet grating is farmed because the periodical adsorption of the MR dye on the irradiated swifaces of the cell causes the anisotropic photoalignment of the LC. The
fishnet grating can be erased (recovered) by the illumination of a UV (green) beam since the frans—cis (cis—frans) isomerization of the 4AMAB dye causes the isothermal
nematic—isotropic (isotropic—nematic) phase transition of the LC. Such a grating can be used to develop optically controllable photonic crystals. Simulated results depict
that a photoresist-coated plastic substrate that is exposed to the fishnet pattern of a 2D grating can be used to develop terahertz fishnet metam aterials, and their resonance
spectra can be passively tuned by m oving the substrate and lens that form s the fishnet pattern during fabrication. Therefore, the mask-free photalithography can be used to

fabricate passively tunable terahertz filters.

Experimental

6}: grating is fabricated from a DDLC cell that is exposed to a 2D imex'ferem
field. The DDLC mixture in the cell is prepared using a nematic E7 LC (Merck),
methyl red (MR) dye (Sigma-Aldsich), and 4-Methaxyazobenzene (4MAB) dye
(Fluka). The mixing ratio of E7: MR: 4MAB in this mixture is 69:1:30 by weight.
Figure 1 schematically depicts the fabrication process of a2D LC grating.

TV light (3 65 3m)

~ DDLCcell

Methyl Red (VR) Figure 1. Fabri ation of 2D LC grating

The DDLC cell, which is separated by 18um-thick spacers, comprises glass
substrate A/ DDLC mixture/ glass substrate B. The two uncoated substrates A and
B are rubbed along the y and x axes of Fig. 1, respectively. The rubbed substrates
exert a twisted nematic (TN) alignment of weak anchoring on the LC in the cell.
Four coherent pump beam s from an Ar+ laser (A = 514.5 nm) are used to fabricate
a 2D LC grating, as shown in Fig 1. Two pump beams 1 and 2 (3 and 4) which
intersect at an angle of ~1 .46° in the xz (yz) plane are incident to the DDLC cell
from substrate A (B), and their polarizations are along the y (x) axis. Each of the
pump beams has a light intensity Iy of 1.5 mW/em?. The intesference formed by
beams 1 and 2 (3 and 4) generates a spatial variation of light intensity on surface A
(B), establishing a corresponding distribution of the adsorption of the MR dye, and
causing the positiondependent surface director reorientation. The adsorbed MR
dye molecules on each swface reorient the swface director toward a direction
perpendicular to the interference field which acts on that swface.5,6 The director
reorientations on swfaces A and B form two 1D gratings, which compose a 2D

Qﬁng in the DDLC cell. J

RCSUltb and discussion

20 um
A
T -.

(2030 mn @) «Omin
Figure 2. POM images of DDLC cell

A 2D gating with a spatial period of 20
pm is formed after the irradiation of 30
min. As the irraciated time is increased to
40 min, the 2D grating exhibits a fislnet
pattern. Figure 2. POM images of DDLC
cell that isirradiated for (a) 30 min and (b)
40 min. Upper and bottom intensity
images are obtained under parallel
polarizers (P//A) and crossed polanzers
(PLA), respectively.

Figure 3. Models of DDLC cell in simulation () Orientations of suiface directors
before photoalignment. Ideal orientations of swface directors that rotate in (b)
opposite directions and (c) unicirectional direction after photoalignment. I}, and
I34 are the intensity distributions of the interferences on surfaces A and B,
respectively A is the spatial period of the intensity distributions.

Figure 4. Osientations of surface directors that rotate in (a) opposite directions and
(b) unidirectional direction after photoalignm ent. The green units which neighbor
the yellow unit have a lower swface free energy density wnder the opposite
rotation than under the unicirectional rotation because the swface directorsin the
green units exhibit a smaller twist angle under the form er than under the latter. As
a result, the photoaligned cell has the relatively stable fislnet grating as the surface
directors are rotated in the opposite directions.

v a s Fatrt rtre
T ] [T F FERTEE
T H ==
3 SNENDE
= AR
& H [T
I - S
0 T o
R =
8 [ =
. =
=13 N 3=

\F‘g\\re 3. Models of DDLC cell in simmlation Figure 4. Oriextations of suface directors tlmmy

Application

r-.:) ¥, J Phasweist
Light
soare Ll Grassy  Les2  Sebseaw
3 . o
3 L [ 1
I I

Figure 8. Optical system for fabn'ca\iné passively
tunable terahertz fishne t metamaterials

* Passively tunab le terahertz fishnet metamaterialk

Figd. Presents the simulated terahertz spectra of the reduced, normal and enlarged fislmet
metamaterials at M = 0.9, 1.0 and 1.1, respectively. The resonance peaks of the reduced
normal, and enlarged fishnet metam aterials are at 11.6, 10.4 and 9.6 THz, respectively. The
resonance peak of the reduced (enlarged) fishnet metamaterial is blueshifted (redshifted) from
Figure 9. Simulated terahertz spectra that of the norm al fishnet metamaterial by 1.2 (0.8) THz.
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Abstract

Liquid crystal polymer (LCP) films are rolled into hallow cylinders. The
hollow cylinders are measured by a terahertz spectrom eter. Experimental re-
sultsreveal that the transmittance spectra of the hollow cylinders have peaks
at specific frequencies due to the Falry-Pérot resonance, and the frequen-
cies of the peaks can be tuned by changing the thicknesses and rolled layers
of the LCP films. Therefare, the rolled LCP films can be used to develop te-
rahertz filters.

Fabrication

Each of empty cells comprises two glasses, whichis separated by two spac-
ers. The glasses in each empty cell are coated with rubbed polyimide layers.
A LCP mixture is prepared using a nematic LC (HTW114200-100, Fusol
Material), monomer (RM-257, Sigma-Aldricl) and photoinitiator JRG-184,
Sigma-Aldiich). Each empty cell is filled with the LCP mixture. Aﬁex the
cells are cured using a UV beam with a light intensity of 10 mW/em?, the
LCP films are stripped from the cells. The LCP films are rolled into hollow
cylinders. The hollow cylinders are m easwredby a terahertz spectrom eter.

OV beam

o o poymste [ soucer

T Ui ey sotymes P thm

Fig 1. Fabrication process of liquid crystal polymer films.

Results

Figure 2 presents the dependence of the terahertz spectra of the hollow cylin-
ders with one rolled layer on the thicknesses of the LCP films. The expeni-
mental results indicate that the three hollow cylinders exhibit the peaks at dif-
ferent terahertz ﬂequexmes These peaks arise fxom the Fabry-Pérot reso-

Fig2. Dependence of terahertz spectra of hollow cylinders with one rolled lay-
er on thicknesses of LCP films.

Figure 3 presents the dependence of the terahertz spectra of the hollow cylin-
ders that comprise the 12mm-thick LCP films on the rolled layers. The trans-
mittances of the main peaks decrease with the increase in the rolled layers.
Therefore, the peak transmittances of the hallow cylinders can be tuned by the
raolled layers.

Fig. 3. Depend

sp ollow cylinders that comprise
12mm-thick LCP films on theu m]lecllaye:s

106 § = &

Figure 4 displays the dependence of the terahertz spectra of the hollow cyl-
inders that comprise 25mm-thick LCP films on their rolled layers. The ex-
perimental results in Fig. 4 are similar to those onFig 3. The experimental
results in Figs. 3 and 4 depict that the transmittances of the main peaks of
the hollow cylinders decrease as the thicknesses of the LCP films are in-
creased from 12 mm to 25 mm. However the t:adeoﬁ' is that the transmit-
tances of the g 3 :

25 um 1 layers

Fig. 4. Dependence of terahertz spectra of hallow cylinders that comprise
25mm-thick LCP film s on their rolled layers.

Figure 5 presents the dependence of the terahertz spectra of the hollow cyl-
inders with the three rolled layers on the thicknesses of the LCP films. Alt-
hough the mail peak of the hallow cylinder that com prises the 50mm-thick
LCP film has a small transmittance of -100 dB, the shoulders of the spec-
trum have also a low transmittance of -40 dB. Therefore, the hollow cylin-
der that comprises the 12mm-thick LCP film is superior to those that com-
prise the 25mm-thick and 50mm-thick LCP films as they are used to filter
terahertz wave|

Fig 5. Dependence of terahertz spectra of hollow cylinderswith three rolled
layers on thicknesses of LCP films.

Conclusion

This work fabricates terahertz filters using the hollow cylinders that are
rolled with the LCP films. The transmittances and frequencies of the spec-
tral peaks of the hollow cylinders depend on the rolled layers and thickness-
es of the LC films. The hollow cylinders can be used for terahertz imaging
and terahertz telecommumnications.
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Abstract

Highly sensitivity biosensors using thick metamaterials

This work uses a thick metal film to fabricate a highly sensitive terahertz metamatenial. Expennimental results depict that the metamatenal has a
very low transmittance and small full width at half maximum at the resonance peak because the thick metal film causes the strong electromagnetic
resonance. Such a metamaterial can detect the frequency shift as a thin dielectric layer is deposited on the metamaterial.

Theory

Metal ‘
X N
\

Fig.1.Surface plasmon resonance

Fabrication & Result — Liquid

Figures 3(a)-3(d) show the fabrication of SRR structures, fabncating thick metamatenals using
ahigh-viscosity photoresist. As show in Fig. 3(e), an empty cell 1s fabncated by two 188um-thick
polyester ( PET ) substrates, which are separated by two 25um-thick plastic spacers. Ethanol 1s
then injected into the cells and sealed with a polymer gel to avoid liquid leakage, which 1s pre-

sented in Fig. 3(f).

Figure 4 shows the spectra of different samples that were measured by a terahertz spectrometer
in TM mode. The samples in Figs. 4(a)-4(b) are fabnicated using the same pattern in a photomask
The thin and thick metamatenals exhibit different spectral peaks since they have different metal
thicknesses. The sample in Fig 4(c) 15 fabricated by another pattem that can generate aresonance

peak at 0.8 THz.

Vo \ = <~
o A/ OO N7
i ' { \/ {

Fraquency ( Trz |

A bl

Fig. 4. The spectra of different sam ples, respectively. (a) Structure with thin metamaterials. (b) Struc-
ture with thick m etam aterials. (¢) Structure with thin metamaterials but different dimension

Fabrication & Result — BSA

Bovine serum abumin ( BSA) that 1s dissolved in RO water 1s
spin-coated on the SRR structures, as show in Fig. 3(d)

Figure 5 show the spectra of different samples that were meas-
ured by a terahertz spectrometer in TM mode. Figures 5(a) and 5(b)
have the same original resonance peak

) <

smanca (98 )

Tranamimanca (68 )

Py (e

A bl

Fig. 5. The spectra of different samples, respectively. (a) Structure with
thick metamaterials. (b) Structure with thin metamaterials but different dimen-
sion

Simulation

> |

Feequency (THa)

Fig. 2. These spectra are obtained using CST simulated and the polariza-
tion of norm ally incident terahertz waves s set parallel to the x axis.

f _inject etharol

PET ( 188ym ) photoresist [ sliver

I ethanol
Fig. 3. The flow chart of the lithography

L

spacer

Conclusions

The measured spectrum of the relatively high pattern has obviously
variety of both frequency and strength. When the different dielectnc
matenials have similar refractive index can stll observed vanety of
strength. By these result, this kind of biosensors can have high sensi-
tiity.

Keywords: terahertz, metamaterials, biosensors
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Fluorescence Stability of 4-nm
Graphene Quantum Dots

4nm G EHEFHEARTHLAR

Yung-Pin Chao (# sk #%)! and Tsong-Shin Lim (# 7 #&)!
'Department of Applied Physics. Tunghai University, Tuichung, Taiwan
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