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< SUMMARY >

| AEWE | D-01

Purpose&
Contents

o Development of environment management system based on photonic
technology We have developed an eco-friendly cleaner livestock
production system using air purification system for nano photocatalysts
based on optical components and optical technology for short-range
network implementation. We have developed a biosensor for PRRS, It is
aimed to build a modern barn that can produce safe food continuously
through the development of filter using nanopot photocatalyst with
sterilizing power

Results

o Development of optical communication components for short distance

and device design for pollutant detection in housing

- Development of Pigtail manufacturing technology for POF for short
distance optical communication

- Developed optical distributor (1 * 4) for multi—-channel optical
communication system implementation

- Plasmmonics—based sensor design for pollutants and PRRSv detection
in windowless Farm

- Nano Photocatalyst Technology for Air Purification and PRRSv
Disinfection of windowless Farm

- Study on Plasmonics—-based windowless Farm pollutants and PRRSv
detection devices

o Development of converters for optical communication implementation,

detection of pollutants in windowless Farm based on plasmonics

- Development of 1Gbps Ethernet to POF Converter Modul

- Developed multi—channel optical transmit / receive communication
controller

— Study on Nano Photocatalytic Elements for Air Cleaning of Windless
Farm

- Module development through integration of Plasmonics—based pollutant
detection device

- Development of air purification module through combination of plasma
and metal mesh filter

- Performance test of air purification module

o Development of biosensor and harmful disinfection system for PRRSv

detection based on plasmonics

- Development of ventilation and differential pressure sensing system
for optimum ventilation

- Development of control system for disinfection and temperature and
humidity control in windowless Farm

- Developed main control system for ventilation management in
windowless Farm

- Developed air purification system technology to maintain environment
in windowless Farm environment

- Development of PRRS Real-time Detection Biosensor Technology




o Developed wired / wireless network communication module

based on Plasmonics Sensor

- Improvement of productivity and improvement of illness incidence rate
by wusing cigarette pollution level recognition system and air
purification system

- Developed wireless communication module for Zighee based sensor
- Development of wired / wireless interface compatible gateway

- Developed wired / wireless communication monitoring software

- Real-time contamination level aware system field test

o Securing new animal husbandry technology and source technology

- Approximately 130 million KRW in sales through technology

- 2 patent applications through technology, 2 patent registration, 1 SCI,
2 non—-SCI, high technology Secure certification.

— Secure eco—friendly system for high productivity.

- Economic growth of animals, prevention of biochemical harmful
factors, non-antibiotic use, environmentally friendly.

- Green Eco-friendly technology can be exported overseas.

o Modernization of livestock technology industry by technology
development of cognition system and air purification system in
windowless Farm, improvement of productivity and income.

— The mortality rate of the pig farm is about 25 ~ 30%.

- It is anticipated that this technology will reduce the mortality rate to
around 20%.

- Reduce the purchase burden of antibiotics due to a 30% reduction in

Expected antibiotic usage in housing.

Contribution - Improvement of productivity due to decrease of mortality rate and
improvement of importation of livestock farmers and enhancement of
price competitiveness.

o It 1s possible to secure a market by highlighting the difference in
imported livestock products from the FTA.

- Environmentally friendly breeding environment such as the use of
non-antibiotics or antibiotics makes it possible to differentiate into
highly safe livestock products

- It can be differentiated into environment-friendly, high—quality sectors
of the production industry compared to the FTA conclusion and the
continuous increase in imports in China.

o It is possible to construct a systematic management system by
monitoring the environment of dense housing facilities required by
livestock farmers and developing a low-cost air purifier.

o Research related to livestock farmers is expected to activate the
advanced fusion technology field in agriculture and forestry field where
NT / BT / IT technology is converged.

Ventilation . . Sterilization

Keywords Farm Virus sensor plasmonics

system filter
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< U.S. red meat and poultry production >

o USDA NASS: #f 5ydnith (2002, 2007) 2dxE 5 EAZAHCensus  of
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el 109 9, B
AH T ¥3E&(%)
2015 2016 2017 2021 2026 e
16/15 | 17/16 | 26/16
T4 F ALY 44519| 42937| 43,277 44,475| 48,886 -3.6 0.8 1.3
A v 25,307 24673| 24,342 24,496| 25,060 -25 -1.3 0.2
=T 8,830 7,633 7,741 6,850 6,200 -13.6 14 -2.1
2 A5 8,989 9,700 9,194 9,752 10,278 7.9 -5.2 0.6
A 3,687 3,453 3,531 3,742 4,069 -6.3 2.2 1.7
Eaq.
;] ; 1,474 1,466 1,465 1,638 1,871 -0.5 -0.1 2.5
=341) 19,212 18,264| 18935| 19978| 23,826 -49 3.7 2.7
5§ 4,708 4,465 4,388 4,700 5,374 -5.2 -1.7 19
= A 6,967 6,770 6,660 7,077 8,497 -2.8 -16 2.3
5t 1,910 1,990 2,084 2,286 2,865 4.2 4.8 3.7
Al & 1,837 1,563 2,214 1,947 2,441 -14.9 41.6 4.6
b 2,285 2,215 2,219 2,316 2,464 -3.1 0.2 1.1
<2 814 618 706 915 1,313 -24.0 14.2 7.8
A5 sHFAAER sEHFAAAE FREA, S sEAAATY KASMO
(Korea Agricultural Simulation Model)
o E ob7] HolA & A%l Ful HAARE 5 A% 49 100 %) 576 %
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g gA | @y | # | e% | AR | ed |anx| Aau | @E
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A& 0 2010 KLEI S4H9 7HA 9] A1 %1
o 2011 14 2742 FAO(f+ll A 3F&A77) FH oA fao.org®l WE7IAbE &=7¢] o
R FAe] WS 160 @e(er 12 28RSl Sslelol HASIT AT 0n,
ol AAHS Tefalo] opyl el W WAl gAe] ALgE Feloln, Wl F sl
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1. Covering thermal shrinking tube

. (@)

5

Thermal POF

shrinking tube

2. POF cladding etching

\ POF / Acetone s

3. Removing thermal shrinking tube
and cleaning POF

4. Inserting POF into base metal frame

Base metal frame

Pressing metal bar

5. Heating and pressing

Pressure Pressing metal bar
Q-
. 4 POF— B tal fra
COI‘C Claddmg ase meta. me
No cladding region | Hot plate |
< @ dHo o3t gAY FehaY B AESY Az T >
o F+&=AHEAHS PRRS Hlolel 2~ HAEE 913 plasmonics 78 A4 A A
- Yx F4 S £33 plasmonics AN TR EE
- Plasmonics®t %S 93k A9 v vt A4
- 2d9EA HEES Y3 xuE AA 2 AA 2 Y
- AR A S B A e Y
<Y FxE og@ mW THxE Y A4 >
o FAFA WAF AL 9T AN Y B30 A& AT
- TiO2 F&Hv e & F4S A% U= 72 =&
- FZ=ufo] 387153 plasmonics 9 71E AT
SB35 Uw 9AE BE LS U= 50 Tz 5F




s""n:.,,, | P
k?'é»--- _‘g/
Heterosupramolecule /
< Fehxdol A9d 350 AdEE >

PRRS #}o] &

>

1% exposed area

1 exposure

e

Photoresist

- - ﬁﬁ? :
Sensing R :
material “k@-ﬁ-ﬁ—. ﬁ“ iﬁ. ;
Aue - e - -
Ag 4 (o

P . )
LZL52

p: -
-
E——

2 exposedarea

Sample rotation and 2"¢ exposure
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L
4S5 93 Y /1Y 2 Plasmonics 718 53 FA LH9EZ A&, A3
=)

- 1Gbps® Ethernet to POF Converter Module 714
- gAld #5574 B AEEY A

- BAEAY FNASE A Y BE 24 AT
%

- Plasmonics 7|¥F Q=4 A& Ao A} E T3 ZE M
- Plasmonics®} Metal mesh ZE 9 A3 53 37|43} 2y
71/ U8
o 1Gbpsw Ethernet to POF Converter Module 7%
- 1Gbps= Ethernet¥} POF AHHE 3= A7
DC
Volt I
—
Selrges PLC/PAL
155Mbps
uTP RJ45 | j\ jt Optolock POF
Connector y POF
Transceiver
Optic PHY
MCU Interface

< 1Gbps® 7ZIHH EZ% >

- RJ45¢} OptoLock &9 QIH#H ol ~E 2k mit)o] AWy 7|
Optical Interfaces : OPTOLOCK
Electrical Data Socket : Shielded RJ45 Jack AM9® =%
Cat6 AlolE Ad 2 5% 7l

- POF Bending #4435 $3 A8 7AWYH +x A7

# 500

@

1
! I

i
r

5004
5503

< mjo] AWE Ao~ 2D A% >
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Au, Ag?] Self-assembled Y ¥l¥€ 34 © ~ 150 nm
U 3" & : Pitch < 150nm, Thickness < 50 nm
- LED ¥ Zg=zrmyx 348 53 &2 F(reactive oxidant species) 234
71 A
- Y Fx7F x3d Tio2 FE5we] A 2 Ade Hb
- Plasmonics7} 2%%®  TiO2 F=vje] Az 4 A5 H7}

o Plasmonics 7|8+ 29 =4 A& &% IASE 53 g NP
- 33 BHE7] E AL B3 FAS FAA LHEAE HE AN EE 7E )

— \
Plasmonics-based sensor

Clip-on
.sensor device
\
\\ I

Lt |

=,

LD
driver

4

|
-
Q

i

|
v

|
v

PD
driver

Clip-on sensing cover
4

—

\ PhCs structure .
S i Gas flow cell S

O~ £, ,

< Egzry 7Nk AN BE JidE >

Dual channel lock-in amplifier

]
| |

Input gain stage
<:u <::|| Optical
\/é Sensor Signal

| Reference
Signal

90° Phase
Shifter
\_ Reference channel stage Y,

<ARE AES AT FY AL NE PF A2 BSE >

o
=

- Plasmonics AlAe] Q& FH(MEY R &Af) T tish dolg A& A7 3z 7t
- 284 #AYE 9% display ¥ €HV TS B3 AHH QdFT AR BE AA
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- Plasmonics7}

- BREA B A

Aluminium
separator

i

o~ Htﬂ-
Fel ol
A7) Lzt

TiO; thin film
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O 3= EX

Plasmonics 7|¥ L H9EZ AE 37| g M € F3FA &3 #XA F71F

3 A=" Ve A

- AH BB A BEF L AG AN AsY AR

O

SR EA A5 D eHE Ao Aad A
- B EA @) WS A% v AES Asg A
_ 57

o

FEA B FA Fr1AsSE Al2" VlE
- Plasmonics A 7|¥F AAZF Q4= X Al2~" V)& i

- EA1U) PRRS vhol ¥z A7 7

= A28

- Zigbee 714t AA§ FA S BE N

AAZE L AFE 1A A~ EEHAE
ZleME U
o HA FVNE A TF L ASH A A" A
= A U F e At AlA A Este] B3] 3F A
- g e A S4E 91 24Bit ADCAA
- 7}Ao] Agsta F&E=7F =S C8051AIE el MCUZ o]-&3te] ADC A7

AV
% Internal
Burnout 2.5V or
Current External
Sources VREF
Eigh 4
Extlgmtal H AlN+ } I_/;L -[\‘\ SINC? Filter —»
o i ; Modulator —-{
Tempc_-:'ralum' - .L LQA—'— Fast Filter —
Sonsor 1xto 128x
Input
Buffers
AGND
SRl Mg SEANE st U 2 Feew Wl 02 2w mA A4 %
- OAE ANEE FAo]4 RISC ZEAA B0 doly Ag
- 849 ADCUHHo= 25 B FE& AY 54 7lsst=s A7
- ZpStell wE AA S| & Ale] B i e A A A= A
ST 09w 24 W ZAo| wE s F Ao Alad s
o BF HA &% % xR Ao A2y A
- AR BelEEY TIO2 #4854 LED 9X 9 A 5% 3 s A7)
- AT A g B R JLE A 2 A
- AY FEANE AW shy Aol R BE Ay 47
- SRR RUHY 2 dold A% ¢ wgAsE A7)
- ewE g 1Y Al 2 PaazEdeldA B s
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- e sidel A 2 #xE gl HlolE Alo] JhestEE HE 4] AZE O

- QIHE} FAloz AAst] AR A7) Vbt EE AdAEH, thAld 9] Plasmatic
Sensorg A T4 Aol Al~E AA

Bel s 919 vlolE wel Alsu s
= =
3 Az A% LS 1d@ A7 A QoA 2w A7

nic Sensor | | Plasmonic Sensor ||Plasmonic Sens Plasmonic Sensor
ADDRESS ADDRESS ADDRESS ADDRESS

L| R i

CHAMBER

CLEANING




o Plasmonics AA 7|8 AAIZF wlo]ly A~ HE Al 2= 7]s 7|

- PRRS #H}o] 22

o

el

- PRRS nmlo]#{ 2 7HA] Al

Plasmonic Sensor

Plasmonics 7]t

QUET A A%
TNY 28
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HEE MZEI

=
g

)

Dual-Channel 2 w ¢ LIA Luw—Nise TIA

LD Driver

< AN A

T7143 A= Ve R

A Bl PRRSv ZHA] Al 2~¥l3}

]

o

===z
T

o Zighee 7|
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<
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- 9 TS d8ote] ARERFe] AmtE ES] F4lS 98 Ethernet Q1E# o]~

A
100Mbps &4l &%= 2 9 7|7t zte] AZde] 7153 Ethernet 2H1 Q1E # o]~ A
- @9 EERE FAE Fgxry s 7 37145 Al ade] giystE Ea FAF U
o Astes I LA T
- Qbdg T MEd F4 W EdY W5 @4 BAE A4S AR AF o718 A T
& 9 54 A2 #e e e
bt FA Wi g 9 Fal Ade] §&4 #ElE % 5 Auja A& o}
7194 7=
Ey WHE A4 BAE S HA Y 54 = g e A
- ol71F FA UEY A(Zigbee, Ethernet) EH A 535 93t 3 vlEd o /M
T2 AA zgho] 7hed MAC I vEdS A
toly &2

................

AT 0]E]
ga/aT A2

Lo, 3
S0 {REC e

Sensor Sensor Sensor Gateway

< MAC & v=9of 7/Id= >

e}
- 54 &2

i
i
ot
2
2
e

o—o—.o—o
-
=0 COEBee0 » CHOEMee0 ™ CIENeO
C o = l
-
- o | =1 |
E ° ===
L . (S S N =eaea
ERU ) w e W -m
‘ E= | smrees
COENee0 " COENee0 " CDEWeeO Ly
100t . 153 || I .
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FhutmicsMedinleOO)'\

< G SW oA > < SAkE BYHE UL 94 >
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0 AN 2AFE AX Aad rHsE
gRgotel AAH 719F FAbo] HAE )
BREA WY B AsY FE
HAE WE T5 58 A448

< FAPRE HiEE FE oA

| >

< FAF R HZAEWE FF oA >
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2. el ZleAe E%

SAST R D-04

2-15d 4+ 3%

O =37 |=d

- 2007958 SPR AlAel thgt A5 Al &ste] 71420 725 A= U TFEAT
E Ao E Ux 725 7HA = SPR AlA ] tigk A5 Ea JARE I AR A
1E vl FAste] nlo] o AlMd] &8at= A5 AHAORE APFo lom, ALY
sb #tel] g A5 F7tE ATl 9l
- Au(Photonic crystal)/Aw/Ag/Cr/Glass 7-%2 7}A & SPR AA AzS =& #7119
Hpol @ AlME Al Atel] g A+ X (SPIE 2013 3] H3)

o

- @EB)E ATHAE e T2 A%E F3) SPR AN A4S NFEE
FATE AT7E APt Jon o vhole AMel &3 9L EF Y T2
of Zujg RAstel 54 Woltt vrole MAe] AE Y A, AWE Pl )
3 ATE NE&EHoF APsta 9

- A SRR AP BEalele] JELS Ea B 7]|&v|u AulEE ZA} 34
e Azgd B A ABT A9, d=Pr S vl MM BF wahsol
wALe] TAR ABAG BT FL B WEa] Ame A% 24 L A& A

s

o EAlel o]Fo & 4 St

il oltt.

& ol &3 v Ao Ao EEbw d%te, =, f718W, S
FHAS &3] ol }ERAIE TiO2 ZEES A A2 mEI & Hf

T&ole BEAS ¥t v TF 55 Aoz FEu)
& o] &3sld, 7MAGA Aol E&3 FFulEA o] bandgap energyE 7HX!
Zuf o] @A THAIR ol g EE&ES =UH A

X
2
Y
ok
>
0,
o
HE
2

o
Xy
v
*
o
Y

To] ¥3gZYol AFgHolA yYnAr|el mAAA TiO2 YAHNP: Nano

_19_



Particle) & 943 429 CdS Hi=9Folo](NW: Nano Wire)Z T CdS/TiO2 E-3HA
2 FEFdHY Z-AHoz WS AQsI S ["Fabrication of CdS nanowires
decorated with TiOZ2 nanoparticles for photocatalytic hydrogen production under
visible light irradiation,” International Journal of Hydrogen Energy, 33, 2008.]

- 2 Tz FEue Y AAAR G ofAt =& X3S AHjl A THAI R
(>420mm) skl A 4 Aol AF CdS Himspolojnt) w2 ZA3E Bt

o X8 (Sang Won Bae, et al.)
2

000 Ee] EFTel ATHANA 4 B 2 A2wel Z-schemeA 7t sl
W xol Fole BEUR B SARE s 2 2 F oAl wg xol F )
of BEvlz 2@ 49

[“Photocatalytic Overall Water Splitting with Dual-bed System Under Visible Light
Irradiation”, International Journal of Hydrogen Energy, 34(8), 2009.]

- WO3& A AE 3= u2 RhS =3 3 SrTiO38 4TS G2 glo] 7HA|
34 (400nm)oll A Fe3+/Fe2+= w7l AH(Mediator) & o] H2Z 1.9ml/hE e AT

2-2 ¢ A7 4%
o BASF (54)
S (DFas, A, BA0GWA 2, ARAAE AT ENE AT

y L

o Jacobs I (M 7]9l])

- Al&go]E % LDH(layered double hydroxide)2t+ &7t FASLE Had F715%
shtEs HAS 28A4E xS /e 34 2y SuiEAY @45 A5t

o] 213t A4 3= Nature# o] i3I}

=

o Nytle] McMaster ‘j]éL n| == 9] Tecogen AF¢} Los Alamos EH@(, CAPARIN-Y
Kurchatov 9AEAF4, 2 A7 FAAFF A, T2 Tianjin o3t S
A ATdEE FAA viEle] A (DBD: Dielectric barrier discharge)S ©]-83F #2 =&}
zupdAl o] g7 7lwol e, o] Ve A S g or EHeh=v
S HAA T 7)o A YoE HAFe} Wk A Fow JARET oyt <ok VOCs,
NOx, CFCs & W& frall7ts 2458 A7 ss 7lEolth
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Pulse high AC Power supply

(@) B2 =219 9w

Induction
electrode

Discharge

Inner electrode
ceramic layer
e

Terminal Quter ceramic layer

() 9 u=x (d) 74 =z
< A FohzEvl EAGA >
o France®] CNRs and UPMC Univ.ol A4 TiO2 #Zwie} Au nanoparticlesE Ao A&

st 3 545 48l nanoparticle= ©] &3 4% Fde HIoH, 7 didel
Aol E&38 548 ##E3ste] Eur. Phys. J. Dl %‘Eé}‘ﬁr/}. (2011)

' K
f Tio, —* . 0.15
- particles L 041
Ny e
n 5 0.05
T . T ' 0
—

-0.1

-0.15

0.2 =
400 500 600 700 800 900 1000 1100
Wavelength (nm)

< TEM image % W3lg s EA 1= >

o

)
og

o Yo AFHd
o] 100%9] o]=2+&=

A

daglel UV/EEFw) 37134714 J=ke] st &o] A
SHKISTL, "271% A 71, 2007.]. waba] A4 g
& Ao o Bel A kel AlA E&S SAskE A9 100%7F HiL, i
VOCol tiate] WG lo] v ARl e sfaAA EEE S weE % 5
1}, o] whAl 2t rlchloroethyleneE dH3s] AbsAlE 5 gl th ”ZU}V} 29& B3
$ FENE g F2 AYAAks = EATE 9 3
(intermediates) Y 234 & (by-product)©] & 2= A ol %—xﬂz‘s}% dgol= S
A EA 7= @G- o] gl

N

1<t
O

JI
N oi i) rlr

o 1m o }:m

|

¢
¢
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3. A7 We R 23

| AcWE D-05

3-1 1xAd =

O A8 #3548 POFE Pigtial A= 7% 7%
Zetay WHE AA 2 S3A%
HES AYEE BT BE 2 A A5 mE AE 7sS 7HA+= $AYE
o A 8AhEAN, AMEEHE AsEe Ay, 85 2 Fg2HY A STRE gEE
T UAe B AFAA AEEHE e S 3 FolHEA, cored A A o]
980um, clad®] #7 1000um®} Ttol¥ &7 o] 34430 474 do|HE dEste] 7=

RIS Rl e R e
POF (Plastic Optical Fiber)& &<

I A =
|= S}
24 A& F 7 Rz AFo] ofFojAa Un. Al

= 2}
e}y e dE WA
= WA oE At Ala® F3o] ofe Y & HAleA e aleshA gskom, v
HES 24D A2 71 2 2 A FH7HE 7lse] 895, HE9 Az u - 9
dol FAIZFE o] o] FolAoF stRE Thyol oy wd AFe AAde] HAE Qo
kA gor, I HAdA = AFES T EgaE HE EE BRE Ve
o= I T s A=
Zetag HE ALS g 94 24 9 AdE o JYE, oF dEFE, 974
xd A7 2 WA sAE 52 79 7] % A AME V=] 87 "o
otefje] 12 Fetad HEO AMA E=Woln, HEo €4 Alo]=E 283@ A +-
T 2k 0015 AHU FAE T 272 T80 A HES AA stgoew, WA
A5 WE POF 3to|w 7} 22} black Jacketing &= % 3fo|w] 9|7 Alo]=7} 1550 9|
o2 golHE HE JAYA +FHE F3 AME HA 3§ Abo] =& 1.6

e I -
» ;
o > g A o=l -
5 A = =l 5
3B [ =,/I = = n
4 2 "
+ g1 1 % 3
P v j
S

< HE AAE >

Zt2E HE 82 Auto Movement Machine Typel = H82 A 3 F+ 719
part2 A 2= o] AFE AJEdA FEa" FAE FoA ALE7]Y AJEE F3HY
= [e)

wd Wil FAS Fdste] HE ol AdHe FE2EM, F Scavity= Al AH8to]

off
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=
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AbEAl - Y Al A ZRolu, AFEAIZE Tl Aloks W) st U Tt Ze)
o

of & FAlAE= PAIZ FA]

Glass Aol WE A& AEHE 3¢t stttk Glass 32 0%, 10%, 30%9] 3 &+

30%%] GlassE X33 ZeF2H Ferruleo] 58 R AA =¥ 9% §&

0.05 & "HojuA ¢SS Fad 4 dArh
olefo] 1S PAAIAM Glassid (0%, 10%, 30%)<S F7F AlA AxH A
HoFa Qo

< EhzE HEE AFSE PALZ (502 FH 30%, 10%, 0%) >

e o ol

|}

-

PA12(Glass 0%) PA12(Glass30%)

< GlassA 2 xstafo] w2 29 & >
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5o Glass $H#(0%, 30%)°l <

Ry

A

x| &

<
T

PA12

o

T

e

b
4qr

Mo

Cycle time

7 529]

3

gl

7F
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=
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2
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=
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Aol
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=

=
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AEA Y 7]9 Section A9 B H8S @A AlA 538 AE oHlE g8 A7l 59
o] W7z Cycle time™ AFEAIZE AME: &5 2 24 sto] AIES g on, 99 A4
ol Wl Ay 8§ °% 30C°F WA L2 sdou, A 242 4] 94 o

\d

gl Al HIAEE Ao, oo et o] Almxis AA shlth

A & AE 2%2(C°) 260C°~310C°
W2zt Cycling time(sec) 12(sec)
A& A7 (Sec) 4.275(sec)

S vlg o g2 PAI12(Glass30%) 2 A 2He Al A &2 FerruleE 3}
FEE] ¥stE 99 e, AFH Ferruled FFEd wE
= < 7 Wk wAYSEA] ek
A 2E Fgh2¥ Ferruleg $ito]l 7bsdh ”‘:41% °tst7] 9kl & 3,0003] 8=
A Al st e Crack % AF ¥WE A8 & HEE sidon, 4
A Eet~E F rrule«] FA HZE b4 gnd AEHE AME 2S5 3o & A
o] o},
obzf 1¥2 PAl2(glass 30%) Al &) 13 A&¥ Feh2~H
Ak AFE 32 13 AFEA] F 8 cavitye] AEEC] YL
cavity = 7]7‘ AFe] 33S aHse 7] Foly Ferruled #%& F&
o] o] FojA A FrF AR oW, YA deavity 7] & R wE FE
(e}

o] olFojd 4 YEF A% 3.

5!
K

|

< AFEH 8cavity ZEF~H #HE (PA12 Glass30%) >
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Zelay A stolme 4F V)% A
- POF 74 24 2 4%
Aztd ks HEE st ow HAo Ay EAS =&t 98, 24 %te =24
°] POF (Plastic Optical Fiber)& A3t HEA|EQ <A #8418 POF Pigtail
A4 A58k,
G44d POF Aol FoINE 2742 #E4E POF Pigtail HEAE Age] w53
F AEE core ¥ clad=dE, 245 X, core, clad® A4, #4245, A9FAA=, 37
A EA 5 1dste 72 #4115 S8 SH-4001 POF$} SK—4O POFE dA4stath
olef o] = Pigtail E FEwi7] A4S 9% POFY =83 54EE HoFa 9o
H, ofef 19 FERE HoFa glth
< SH-4001 POF Spec >
I SH-4001
Specification
Item .
Unit Min | Typ Max
Core Matenal Polymethyl-Methacrylate Resin
Cladding Matenal Fluorinated Polymer
|C ore Refractive Index 1.49
Optical Fiber !Refracnve Index Profiia Step Index
Numerncal Aperture 0.5
Core Diameter pm a20 980 1040
Cladding Diameter um 940 1,000 1,060
Material Polyethylens
Jacket Color Black
Diameter mm 213 | 220 227
Approximate Wesght g/m 4
< Sk-40 POF Spec >
SK-40
Specification
ltem
Unit Min Typ Max
Core Matenal - Polymethyl-Methacrylate Resin
Cladding Matenal - Fluoninated Polymer
Core Refractive Index = 149
Optical Fiber 1 Refractive Index Profile - Step Index
Numencal Aperture = 0.5
Core Diameter pm 920 960 1,040
Cladding Diameter pm 940 1,000 1,060
Approximate Weight g/m 1
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Optical Fiber

Jacket

Cladding

< SH-4001, Sk-40 POF +x% >
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(a) SH-4001 (b) SK-40
< 2 HAe]| HF8¥ POF >

- Ztay HE gdolH o] b 4
Eot2g #HE3 POF wold el Hewyor ZF9E o83 Ultra Sonic
Welding 2102 I8tz st 253 39 49 T2 Zo2H Jd 7less
AEA7E= 7ol ditA ow AR H™, Zdt2E 2o WP o= 9 ZHA e v

AE M2 HFANA 2 2ed gl s dFAe Hek F-217F 7FLel &) &6
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$3e) ool 2ade stel dth e e
ofgfo] 192 2 A A AESH 2539 §2F AAHS HoFa
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< PA12(Glass30%) 9] =&3 Welding A %= >

Weldi X, Y= : : Plastic F 1
%Eﬁn(go’ X)-; Welding time(sec) Qt&ﬁ%lc(z‘ggr@uf]%) 7] ek

X 15 2.55

X 1.6 2.55

X 1.7 2.49

X 1.8 2.32

O 19 2.03 glol ¥ &4

O 2.0 1.78 glol¥ £

O 2.1 1.65 sfol =4

¢} 2.2 A E7F Hgo] A3t
ol 7]& GOFE #HEH AFsts WHES 83519, 479 AFgA A wt=sl= 4
W= 7] 98] Thermal Epoxy 2 UV EpoxyE 83 473 2 UV A3l =4&
THR o, 7|E] BT FEAAC F AHIE AZS H5te] AFEEHE WHE
383l Zetryg HE POF #o]&< Thermal EpoxyE o] &3te] 73 Zdo] of
o AFE 3 AT}
AZE Zerag #HE29 FAE¢ PAI2(Glass30%)E 52 L8 dx dAststo
IF AEHE HA, g8 Ao ® 7Md At E R AsH Ho] dA 2% ool =i
W2 Aol AAd 7t EAe] dor, st &§52% HAdA = ¥ WHolgt=e w
B zAete] AES WE 7 e AEES 7FA 2 ek
Zet2E #HE 9 POF A& 9435 sire AFEE dFZFAE 3B3NDEA F
Aot AeA el Hlgo] 11102 T3 & AMESte S A FAEA, 2% gt
A3} A zbo]l zkol7) = AFo R Awk GOF(Glass Optical Fiber)& @y 3= A%
Aol A85+= AlzHdozE 100CoA 308 A3 Aoz WY& dAv =gt ¥
¥HE 2 POF AolE9 &§2%7F 247 175C 9 110TE 7FA L 7] wfj&Fof, &59
WH3lE 50T, 60C, 70C, 80T, 90T, 100C= A3 A7+ 30+, 60 Gz 5EAS

wa s
obele] ¥ AF 2 W Akl we
QB A5 S0CAAE AT} ASEA a AEAE oz vz Eeluels
gabe shet srglom, 90T 100TeIAE Ashs o Fol AW, A%e] Wgow

ste] A7 stel ol POF sholujshel Aol f83t4 i AnE o Fo] Wrk.

Ir
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==(C) Ak 4

50 302 oA A7} Astrt HA Fan EEuld fA w
60 302 oAl A7} At HA o ey fA wkg
70 302 oA FAIZF AE7b A i Zeud A wg
80 30 oA FEAI7F Bsprb HA g Zeuld A wg
90 30 et HAT FekaE dEo] Mol A4
100 302 A3k HAN Fetag FEo] W] A4
50 1A 7k oA FAIZ7F A7t B4 i EHd

60 12131 oA FAI7F Aet7F 54 i EHd

70 1A13E oAl FAI7F Asprt HA &gan EHud

80 12171 oA FAIZ7F Aep7t 54 i EHH

90 1271 dete HAY FekaE FEo] Mol A4
100 12131 Aok HAN EetaY dEo] W] A4

ol HFAORE UV ol ZAE o] &3 AstE Mdstglon, ol we A3 =4 -
HS fgte] UVERAZIE 835130 E] VX/\} A7+ Ssec, 10sec, 15sec, 20sec,
25sec, 30sec, 3bseco. & A7k

NEA = FeprE dH R 7
- 3A Al A FAIE F Y5t
BA e A g UV 2AM =
Hd &9 100WE 28t %}H] o] t}.

5 ?Ud_ of A F GEA FTe} 5]
EXil 1 Aeel $4g AARG e 29

ofefol L AA AEU UV F9 A71= ¥ & UV el &3d POFS
43k M7= B dER AL 3l
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< UV A3t H=E 374 >

< UVZs =20 HE SE4=24 >
Ad Al Zk(sec) 2 H
10cm 5 ANZAl A3t X (N FA] Selld AT A)
10cm 10 AN FA A3t X (o FA Seid d3EA)
10cm 15 o Z Al A3t X (M E7] HZE fail)
10cm 20 o ZA] A3t X (H]E7] HEE fail)
10cm 25 o FAl A3t 27 W
10cm 30 Zetay #HE Wy HA
10cm 35 Sdt2g HES Wy 24

stlem, HAE 23 1bsec 7HA= A37F ol FoAA A AR, 25secol A 737}

UV GUN3}t Betzg 189 342 10eme 7128 F3 Ahisee) 542 114
23
SHAREY B Fe A7

Hst= vbE o] Fol Atk shARE, =AY bem AEE
%l 20secoll Al sk A7t ol FoHE g F ¢ AdUTh
< UVdst 240 e E424 2 >

A Al 7k (sec) 4 H

5cm 5 ANZAl B3t X (NFA Eeid A3EA)

5cm 10 ANFAl B3t X (NFA Feid A3EA)

5cm 15 ANZAl Azt X (NFA ZEi® dAEA)

5cm 20 o FAl A3t = R

5cm 25 ZetE HE WY I

5cm 30 Zet2Y HES Wy 44

5cm 35 g wEY ¥y A
ol UV o FAIE o] &g A At 1 +£9S st UVERAF Al7ts a1 5%
o7 AAT T UV GUNS AFYE bem 7S T A7k w2 238 24 59
ot UVl ZFA = Zebny difel #HEo FHbo X8k o FA] T 7=
H U 3A A A FAIE FAst] A el st #AS AAEon, A




FA o2 A Bl UV ZA
olefe] e B o] 4HQl ghate] o] ol

shol AEe] MPo] o] Fo7l FHE bl qUtt.

on
Lot
N
)
N
)
olr
i
o
SR
0,
ol
o

(a) o1 FH G Gl (b) Mge Azl Fe
< Zepxy dE ¢F g >

AnlE 934 hand polishing 718 <
SFAAINE A7 &4 dAsE QA EAS 9

g8l A dHdntsE A AA L,
o] gF kAl 93k BAA EFHad Qx50 thA yERY hand polishing 7]
S ALgt 7IAA] Anp BHAS dASAT 4 ARbA] 7]F Polishing machine<

#8387 913, PO
ofele] a@e 7)E ddntrlel o] 7}

5!
2
re
o
=)
B
4
=
e
of tlo
™
of
ol
ol
8
o

N

UhEh 3

o

SIS dAE Avpqoe] =W

0]
AR

< POF Polishing A1 =9 >
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0N o Ul s W N

= POF Polishing #}74
< @Ednt "8y >

i

Qin}

POF o] 4 Polishing &4 <A+ tS3 2t}

. POF o] H9 4 o 3 &9 o9 Gate ¥ 14 &5 Aoz

Cddup Ao Y F e FEYE uAgs
#2000 sand paper©l polishing *2}e] 13 & A2l 5 g sic}

. 9um Polishing &4 & A3 3}

. 3um Polishing &4 & A3 3}

. lum Polishing ¥4 < 78 st}

. 0.lum Polishing &3S 23 3t}
Fet dAn A S F8l g AEHE &<l § $ Re-polishing o5 27 gt}
o] 22 0 &= Ferrule®] Port’dszte] HEWel TxL=7F EAstaL o2
of o3 FAitsk dibo] wAStY] EAS FUMAZITE FHE dHAA Y &4

_35_




2

i<

Q

o] -8

[e)

=

o} 24

1

T

tel Aol =

¢}
~(A1-1)

Beckmann©ol] 2]
) 2

4mdncost

-

o ol T T Jo R o E 2 T o
R T B T O EWE wR
FAE % T T Cw s
-y S ®ow B s oy
Ec 1) o Moo e R
MR OB T AR
I o= T s oo TS B
.a ﬁ X : Og [ — ‘H_O| _ O#E o O \m.:L
- ol ° oo
<o - i B o B
T W B MRy
et S ¥ S [ e T
N R | W = S
=l Il = i
T g = S g EmR g E
ES N ol 2 & oy S o
cE % 3 IR Y
X 0 = 8 T
,mg T — @ x aFWZEE
A S T s S R
co | _ o = S T
< i — oo IR R~ e
- 0 e TR et W 5 = 1H
o M = 2 ! du.iqdr;%Sﬁﬂ%
— o ~
e g S ﬂ%%gam«ﬁﬂw
e i~ _
TR w4 I T o D o % i
e o 2 ) WL T Twe 5
iﬂﬂm <z &) iPHqu ,Em%%
BT Ry > B e T gmog ks
Ao S T g B oo w oy
ﬁ_l X o ;I\# m ,%_..VH = ,_._mo = Wi WW_M Ou_o 1 Exg
N % WY g o w T W oy PO g N
L™ B 2 o pARERe
o . N _ T Qo B
Tz m_mr < B2 3 avilia 2 B
£ " ) S o o 3 g
5] ik < I 5% = a T oo T H K 3} W )
— Ny [aN} — ©° ) KR L= T
T2 T T 3 DTN Ew
Sog BT A o N T BF o
R s ERLER LT D
Ty e o o oM S Y R B

bl e,

o

of A7k Aj A=A
— 36 —

3

1

AL
1=}

A

e

HEE7F 60nm B =olA °F 1dB9

Foll A

°©

9]

Snm 9|




< POF ©@¥ dv} 34 =7 >

@ 7 avtgg 2E 9= ud g8 | Az
1 DR-5D 9um 300 g 1m 10sec
2 DR-5D 3ym 300 g 1Im 10sec
3 DI-5D 1.0um 300 g 2m 10sec
4 FOS-01 0.3m 300 g Im 30sec

~

=

(a) PolishingZ ¢] POF ©H (b) Polishing <] POF ©wd

< Polishing A - %-¢] fiber @9 &7 >

< Az 2AY BE41-8 POFE Pigtial >

- A% #5418 POF Pigtail 54 4
2 7eds Fote] AAE 248 #EAlE POFE Pigtial A% dsi4s $s
of AAE|2EE Mgt om, A=A F7 gl FEHI G Ao A4S Ha
E st

- A9l €4 ((Insertion Loss)
d =4 POF€ MASTER Patch Cord(DUT1)¥, He-Ne Laser 650nm
Source, 6357850nm 7}A =A o] 7}s3 Optical Power meterS H|dle] =4S 313

ohoobel Ee AAEY SOl AHSE A g2E YEha vk

24
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< g8 &4 =53 3l >
Abg e ZENRE
He-Ne Laser 0S417-MD, AFSI

Power Meter

OM110A(650,850nm)

A

of Ab&3 FHE 304 ol AT HAFAI I

Power Meter®] 3% He-Ne Fiber Laser 3%<%] 650nm= Al g},

. Plastic Ferrule2 %3 o= PO. grez dlyelx F39(dbm) <
Zero Setting(0dB) 2.2 Power Meter® A =3t}

e

5]
=
=4

w N o=

A«

=

Olr

T,

4. AZ3taA} sk POF(Plastic Ferrule) #Alo] &9 4% €W ZH} Power Meters}
Fiber Laser Source®] Connectinggtt}.
5. A58 POF 7Aeol&9 E£4#dBls A5 v, =& IL=P0.-Pl=[ ]dB#< Al4tste]
54 —EL‘:} (dBm-dBm=dB)
6. 4751 WS ol & ASsH, ASS 103 wriEste] ASHE 3 FAgs 7| S5eh
< POF Pigtail 444 543 >
23 ANEB Insertion Loss (dB)
1 1.35
2 1.32
3 1.28
4 1.39
5 1.21
6 1.3
7 1.29
8 1.31
9 1.33
10 1.34
3t gk 1.31
A FE A4 AR 10ME S AdEAY SARS dEd Jdew, POF
Pigtial v A49Ed AR 1.31dBE dlold &x7} bt ol 1ad: A
F4 H3E X< 15dB oW o] AEFAEY TS5 HE A QL dHolH ghell sidHtt
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A& 5o dste] POFE Pigtial 2% 2 284S &4 4 e F83 % Ao,
=AY HolE A= Telcodia 4o wel WAE 1= A@7|Q1 IMADA,
DPS-20<& AF&3ke], POF Patch Cord Faes Fder 4gs 7hske] 10Ne]

T2 oaAdSs 7e I o kS 44 dolE k¢l Insertion LossZ=7A3dte] HlolH
s gelstal, POF$& Pigtial A4A =9 Zxe] ©E FEA(dB)S S48t Al

Z+E]l POF Patch Cord9 1= H|AEZ 93 Tension Test MachineE HoF1 ¢l
om R AFH FAHE st AFESH A Lists YeElHer, O e &4
A4 FAHAEE YER A

< Fiber Tensile Tester >

< JAHHE AE A AAH] >
AHE gy Az 2 A
He-Ne Laser 635nm S1FC635
Power Meter Agilent, 86100B
Tension Test Machine Fiber Tensile Tester

- AE A

1. Power Meter?] 3-S5 He-Ne Fiber Laser 3791 635nm= A& 3Hc},

2. Ferruleg &3k mtolHE PO oz dydx F39(dbm) #S ¥H3ke] Zero
Setting(0dB) 2.2 Power Meter® A& 3kt}

3. A& POF(Plastic Ferrule) Aol &2 &
Source®] Connecting 3Ft}.

R

23S 7+ Power Meter®t Fiber Laser

i




4. A& Patch Cord®] &A4#[dBlE AS gy, =2 IL=P0.-P1=[ ldb #S& AAtst]
=4 3t} (dBm-dBm=dB) , Before IL(dB) k< 7| =3t

5. AS5& 103] whEste] ASH 3 Fds 7153

6. POF Patch Cordg Tension Force : 50N , Tension Time: 10sec &2 <1&4&S 735}

7. 43 2122 POF Patch CordE Tension Force : 50N |, Tension Time : 300sec©
2 AAHS Vs 20 HAEE )

8 S e 39 AlRE 1T74WHE ol &3l AlS3te After IL(dAB)#k= 7] 53T},

9 Z

AFH AL JIFHE Trebr] A, Fo EdE SAsIY 34 A4 9FEE )
sh71Adell At A A 1.39dBe] AdEds vErlARE 1 S0N7HA 1
He 7h 54 A3 146dBEA WskE 007dBe] AE olFo] Wil ol I
HE& 7F g Wegke] A 0.2dBolve] AHdE #AT ol ofd EE
POF #yz= <138 54 54 dxghs dehdla sk

< POF Pigtail 21&SE E4 58 Z1 >
W3l s
=3 Before Tension Tengcf);erTes " (After Tension

A8 Test IL[dB] - Before
IL[dB] .

Tension)
1 1.32 1.45 0.13
2 1.33 1.42 0.09
3 1.47 151 0.04
4 1.35 1.43 0.08
5 1.37 1.44 0.07
6 1.42 1.49 0.07
7 1.43 1.48 0.05
8 1.42 1.46 0.04
9 1.39 1.46 0.07
10 1.43 1.46 0.03
ot 3k 1.39 1.46 0.07

O thld BEA AzE AL AW BRI A
6}—

o Light tool & B AA 7=
- ?ﬂ‘ﬂ}/\} =a #
=Ll frol el AWAN(Total reflection) 271& WFste T2 H Jo]
a
[e)

H ]l PO o AW =AS et g}
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WAL Z A (Total reflection)

m l- )

< ZAHEAL ZZA(Total reflection) >

%3 7] 900 k2 B35 WAz FHSt AWHA 93, GAE s BE wa

1e] Aol A sinh, <1 o2&,

Ly S Egfly e (/42,2)
ol ASo= 9, <90° 7} Ho] AWAlzl dojibx] = ok 1

Ll > Egflyt et e e (212-3)
¢ Agole (A1-1)9] $®ol 1 Y & F Jormg HukAlrt 7hs ettt

=1 g WEE SN BARLE A

N

T

AWAl= 49

T -

)

o} FRHEe] e BF T oA e, ARkALe] o 2
Autx ol Optical Fibere] 749 Clade] =4 & (refractive index)©] Core? =HE
(refractive index)®.t} o= 2 Optical Fiberd 3& ZdozHE Eojo:= Ho
Core®} Clade] H<E WolA ZAWALE o7 CoreEs %3le] thE Optical Fiber €12
2 Z8etA frt
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o
S Ao
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=
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=
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-
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$Ee] of @} Alolo] glolA %
o 7]

3T
™

- Optical Coupler

" S . T TR
o = A H JmL o
< ) M
R U o E
= T ook B W @Tﬁ "
o’ T N
s moof X W Y
=0 ) — N ™ = = MT o
= oy ° - E o
° A 5 < ok H‘Al o = %
—~ —~ — ™ — ..
o il U T © e W e Wﬂ o Mﬂ o~
) o
T 2 s g Erxws: g BRI
=~ T . & T < A O A VR N
it : o[ : roNA
*E T Bllzlglclels] T et ¢
B N 0 S| V||| © " : | | N
—_— 3 DD D~ H : T o e o o)
N oor 3 M%mmm I : W M oo gr E&aﬁ
N 2 : —_ © [ wa
Ta ERIESEEE T oo Tizan °T3
e m_m 5 mOE g B o o8 ol ° W E
,ml N n _zT.c @ & —_ ﬁE X — X .
= A 0 o) AN
=1 3 N PG N
—
—_ ijN - 20 ~ oF B o8 ~ W oW
of ma N = = oF i) Nozn A T = N
R 0o " S Uy t0 B ol FREEGY
20 s T o _ o B o M X X
= 5 = o] o ¥ T S
= o2 EAN) ° T o M e :
i\ T C 558 8|8 NI Sl 1N
9 ) g 22 glglg w M Moo Tt = 8 H o= o
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- 1x4 % 297 o= A

POF F&ui7]= vl 354 Al 3ol 9101 %L 1§4
Wtz sk x4 F

gol 7t

o, & AFAA A
Avkgt o5 FewrE Foll AHA=
G oA AF3H AuEA}
HZ A oA 7L EakE o] Wy
22l NOARI<
T3k Light tool=
@ o 8 H (mesh
gEy 471838

Rl

oo

o]

=
o},

oAz mR ; ot
S

v mot g
o it 2
o
o

< POF #%o] &4

z7

1=

OaE (x4 AZd +2 2L Al By o)A

-
R

TZo|H, ‘ﬂﬂQOEﬁiﬂ&%

1)
. :-Ehfﬂuu
1.560]

Aasrg o,

AAsY 2, POF €Yol dumy 7+&2&5<
12]]

AA wa F ol e g

z7) >

Test.1
Intensity mesh 423 C|SIEf 47F 2i%
< POF +&x >

i

CIW

Point source divergence angle :

Point source power

30deg

< EE Asg 1>

Intensity power (mW)

T % 22mm 5mm 10mm 15mm 30mm

1 249.93 249.82 249.65 249.49 249.01

2 249.93 249.82 249.65 249.47 248.91

3 249.93 249.83 249.65 249.47 248.94

4 249.93 249.82 249.65 249.49 249.05
Test.2

SEED
olg] 18} o] POF
7}kl

X

<l

oki
oo o
fo ™ o @

]

dlol B &
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P i
_3
SN
Cl=te 471 21X

< POF &% >

Point source power : 1W

Point source divergence angle : 30deg

< HHEy dag 2 >

Intensity power (mW)

5 =2 2mm 5mm 10mm 15mm 30mm
1 249.93 249.82 249.65 249.49 249.01
2 249.93 249.82 249.65 249.47 248 91
3 249.93 249.83 249.65 249.47 248.94
4 249.93 249.82 249.65 249.49 249.05
Test.3
4 (1
3|2

CI=iE a7) 2I*]

< POF 4% >

Point source power : 1W

Point source divergence angle : 30deg
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< gy A3z 3 >
Intensity power (mW)

= & 2mm 5mm 10mm 15mm 30mm
1 240.16 240.06 239.90 239.76 238.42
2 240.15 240.04 239.88 239.79 238.42
3 240.16 240.07 239.86 239.68 238.57
4 240.16 240.06 239.92 239.68 238.57

Test.4

1
2
3
4

CIEE 47 ?1*

< POF +&x >

Point source power : 1W

Point source divergence angle : 30deg

< geE Aagk 4-1 >
Intensity power (mW)

4
HI

2mm 5mm 7mm 7.9mm 8mm

275.06 246.12 233.74 240.00 239.52
204.65 233.59 245.82 239.56 240.41
204.65 233.59 245.82 239.41 240.43
275.06 246.12 233.74 240.00 239.46

B W N~

< gy A3z 4-2 >

-
i

10mm 15mm 20mm 30mm 50mm | 100mm
236.42 233.14 232.99 234.63 233.29 231.65
242.84 245.67 245.67 244.78 243.43 241.79
242.84 245.82 245.67 244.78 243.43 241.50
236.42 233.14 232.84 234.78 233.14 231.65

Sl w | N | =

o A3t el €@ §Y Fehaw PUR AFY AR A% A
- obag A AA 2 AR
9 vde Aage Agstel dold 3wWe] POF T2E MAE WPs o, POF
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F7] S8l ofel et

g
bz 1 AA TAEs

1.6mm

0.8mm

1.6mm

1.6mm

ot & #Ho|~

Fiber

Ot & #ol=

Taper

Fiber

Fiber

=L

40

A1 %

il

0.8

16

<olad A1 MHAE 2D >

&ol
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% Program for design of N X N POF coupler based on the ray optics
%Unit vectpr I=xcos(pi)sin(th)+ysin(pi)*sin(th)+ zcos (th)

n co= 1.49; refrctive index of POF core
n cl=1.41;

n po=1.56; % refractive index of wavecore;

o°  oe

refractive index of POF cladding

wg=1.0; % waveguide width

AN= asin(sqrt(1.4972-1.41"2)); % Accepance angle

RA=fix (asin(sin(AN) *n co/n_po) *180/pi);%refracive angle at interface;
xmax=1.0;

xmin=-1.0;

ymax=1.0;

ymin=-1.0;

Xwm=xmax-xmin;

ywm=ymax-ymin;

SN=5;
sg=wg/5;%

[

0s=0.5*wg;% off-set;
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zL=18;

KK=0;
for x=1:22
xp=x*0.05-1.1;
% xp=(x-1)*0.05+1.5
for y=1:22
yp=y*0.05-1.1;
if (xp+0.5) "2+ (yp+0.5)"2 <= 0.5"2
KK=KK+1;

Px (KK) =xp;
Py (KK) =yp;
end

end

end

for p=1:KK
for j=1:18
psi=(j-1)*2*pi*20/360;
for k=1 : RA/2
th=(k-1)*2*2*pi/360;
Ix(p,J,k)=cos(psi)*tan (th)*ZL+Px (p) ;
Iy(p,Jj,k)=sin(psi) *tan (th) *ZL+Py (p) ;

end
end
end
$XP= zeros (9, 360, fix(AN)) ;

for p=1:KK
for j=1:18
for k=1 : RA/2

if Ix(p,j,k)> 0
IPx(p,J,k)=Ix(p,],k)+0.5%xwm;
end
if Ix(p,J, k)<= 0
IPx(p,J,k)=Ix(p,J,k)-0.5*xwm;
end

m=fix (IPx (p, Jj, k) /xwm) ;

if fix (m/2)==round (m/2)
XP(p,J,k)=Ix(p,]J, k) -m*xwm;
end

if fix(m/2)~=round (m/2)
XP(p,J,k)=-(Ix(p,], k) —m*xwm) ;

end
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if Iy(p,j,k)> 0
IPy (p,J,k)=Iy(p,J, k) +0.5%ywm;
end
if Iy(p,j, k)<= 0
IPy (p,J,k)=Iy(p,J,k)-0.5*ywnm;
end

m=fix (IPy (p, j, k) /ywm) ;
if fix(m/2)==round(m/2)

YP(p,J,k)=Iy(p,J, k) -m*ywn;
end

if fix(m/2)~=round(m/2)
YP (p, ] rK)=—(Iy(p, ] , K) —m*ywnm) ;

end

end
end
end

P1=0; P2=0; P3=0; P4=0;

LL=0;
for p=1:KK
for 3j=1:18
for k=1 : RA/2
if (XP(p,Jj,k)+1.5)"2+YP(p,J, k) "2<=0.5"2
P1=P1+1;
end
if (XP(p,j,k)+0.5)"2+YP(p,j, k) "2<=0.5"2
P2=P1+1;
end
if (XP(p,J,k)-0.5)"2+YP(p,J, k) "2<=0.5"2
P3=P1+1;
end
if (XP(p,j,k)-1.5)"2+YP(p,J,k)"2<=0.5"2
P4=P1+1;
end
LL=LL+1;

xpo (LL)=XP (p, J, k) ;

ypo (LL) =YP(p, 3, k) ;
end

end

_49_




end

fopen('xdat.dat','W');

mol=

fopen('ydat.dat','W");

mo2=

=1:LL

for jj

fprintf(mol,' %8.6f \n' , xpo(jj));

, ypo(33));

$8.6f \n'

fprintf (mo2, "'

end

fclose (mol) ;

fclose (mo2) ;
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ot} ol 2HL Aol A 2DAEAAEE YERH AT}

- 112 -




s W L7
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< POF Converter #A|o]2~ 3D =¥ >
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9l 3D AAIEHS &8ste] F o AFEAA /5 Aol A7 TFES s Al &l
kA 3D ZH-EE AFEste] 13 54& 8t en, POF Converter Module “2F 7}
Aol Al dAddate] ON/OFF =912 HAFiEe] EAdo] dAdon, ddadx & ¥
TS FHHeRE AAE WYt ol 19 3DZHURS Fg 12 Hd¥E POF
Converter Module ¢]%-#Alo]25 YeER) Il loh

< POF Converter Module ¢]&Alol2~ 12} 73 /3 >
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< POF Converter Module o]H-7Alo]~ 22 &4 >
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Held Aa=A Ated 5 e ¢ sHAsE S8 o, dwbHdd Eets
‘%‘-8— 271228k g0l glo] de EEtEE ASste] dase HAe 7 /1o bdA
TE= AV, AR A WelFAR AREE Y] oY) witel o ZAFE

;} | 9l mido] AW E Alo]ze] HAABSAHE S AU
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& POF Converter Module® €% #Alo]~¢] assembly % HZ AAES vehfa ¢
=3

_—

Ay

=

- 1156 -




< POF Converter Module ZA3%344 >

< AZ+" POF Converter >

olo] POF Converter Module 274 %2 A|#3 ty&Eo] PCB A4 % AZAH}AHS AA
dAg POF ZAHEH Fx AA 9 AT d S dastden, 3354 F+d& ¢
w711
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tgAd FEA A" fFo] HQd vy FHel fEo] FEA EEAMI) Jhed
Ao 7 FuEc)

O Yx 3" ¥4 (150nmeo]3})
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< oA A gy FH >

Nano W ¥ S Ar LaserE ©]&3F Laser interference lithography 8|S Al-g3Fe] & A

sttt olel 19 S Laser interference lithography e WA %S vellw, 9 2HLS 7Y
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Control A by
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Direct beam
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1" exposed area

Sample rotation and
Photoresist coating 1% exposure 2 exposure

Expose lime

conirol
Photo resisi
L

Develop

< Y=AEHY T4 A= >

Opeaing windon
[substrair)

2040 Phivlareski

3pm

< Ui dEe] AFM &4 >
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S AAEG Y. TEYAAEE A5t Z]Eﬂr ThinnerE 2:1% 33t LEH A

A
2ES Alxsalar, wgARt w}E} AP Akt WA Si 71l PECVDE
o]-g3te] Si02 kg 120nm A AA AT = 4% ofef ek A
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< SiO2 Depostion =71 >

SiO2 Depostion &4
= 300C
L= 40 mtorr
71 A SiH4

Flow ratio 50 sccm

1 Q0RW 18, Tram w100k

10, 060 10 S x TOU0K
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300&3t ZH2h wmFAA @S AAR vw ddS A FEVF dAA ey, =
FAEE 500 23+ AAE ARl A FEirh LA s ek olH @ dert o
Blubs o mgARbel mE XEAAES whgo] @b 7] wiolth. Ar o] A
o] Jrtgel wel FEYAZES] whg Zolrh WstelA Hal, YAtEe] BoeldsE X
EYAZES A4EEE WA HEuw 2 A4 Agrel A o2 Wt vEA

(a) Square
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BCTYORT B B B ROE BB AR M

Te N R NEE

B0t ot WMk

(b) Rectangular
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(c) Oblique
< O ge dH o vw siEd >

919 2 22 w3 W mE sy WstE yErd Zleolth 1A w3 ) 23 =
Fol A E FA-ste] 919k 22 vdd Y vx dEYS A T 5 Al WA
(@)@ Square®] -7, 22 =3A V=R 3JHAAA =35 AP A5 et (b)
9] Centered-rectangular®] 4% 24 =& ¢ 30%= 3 HAA =3S JAIPA. (0 4

£ Oblique +Z2A 22} =334 © L2 3 AAA =3Es HAAS T Zi}

2! Bravais Latticet 574 &2 ¢} S
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I ik A=

= WEA| Y F+2 Ao (Line, Dot 2%)

o Ael o] tH A dAHG v sfEo] YEyton 3
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Cleanings A% §, SEM #4415 F3dto] SiO2 U= 7% 45 A8 1 7:3.

= ofefoll e ME‘r.
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< Si02 Y= FE Al >
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6 HV HFW WD mag |spot 1pm
v{20.00 kV|2.98 ym| 9.9 mm | 50 000 x| 3.0 KITECH Nano Center

10/13/2016 HV | HFW WD mag |spot ——1um
3:06:41 PM | 20.00 kV|4.97 ym| 9.9 mm [30 000 x| 3.0 KITECH Nano Center
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10/ 016 HV HFW W mag |sp — 1 pm— 10/13/2016 HV HFW WD m 1um
4:04:50 PM |20.00 kV|4.97 um| 9.9 mm | 30 000 x| & KITECH Nano Center 4:05:09 PM [20.00 kV[2.98 ym| 9.9 mm | 50 00! g KITECH Nano Center

016| HV | HFW | WD | mag |spot|  ——1pm ] 12 HY / sp 1 pm
2:08 PM [20.00 kV|4.97 um|10.1 mm|30 000 x | 3.0 KITECH Nano Center 23 PM [20.00 kV. i KITECH Nano Center

10M3/2016| HV HFW | WD | mag . n 10/13/2016] HV | HFW | WD mag | spot|. —
3:44:30 PM |20.00 kV|4.97 um| 9.9 mm | 30 000 x 3:44:46 PM[20.00 kV|2.98 ym| 9.9 mm |50 000 x| 3.0 KITECH Nano Center
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HFW WD mag |spot —1um 10/13/2016 HV HFW WD mag |spot 1um

¢
M |20.00 kV|4.97 um|10.0 mm |30 000 x| 3.0 KITECH Nano Center 3:48:33 PM |20.00 kV[2.98 ym|10.0 mm| 50 000 x | 3.0 KITECH Nano Center
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Photo resist

o0 buller layer

(a)

1*! Exposed area

Zn( nano rods

U
< 7ZnO Y Fx Az By >

WA Seed T =
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FEEE7| 24E - BY 2] S

Zn(NO,), + 40H: = Zn{OH)," +2NO;

Growth Unit

H,0 « NH,OH-
Znl precursor

&9

Zn(OH)* = Zn0+ HLQ + 20H

(a) (b)
S8719 EAE(@ 2 &9 e g3uks (b) >

A\
al
12
o
.
[‘E

~ Zn source — ZnNO;, ZnCl,
' or Zn(CH;C00),

Cﬂm lexing agent —
NH4),NO;

Acid/base to modify pH
NH,OH, NaOH

Aulcclmic \ Surface Active Agﬁ‘nf
g Na citrate

lemperature 90 - 1507

< 7ZnO Yx 7+ A4 w9 >

aela TFEIFAHES o] &3  ZnO a4 s #1381 daE4d=
Zn-nitrate(Zn(NO3)2 - 6H20)E &35 2™, NH4OHE o] &3ste] 8 He] pHE =4
Sh A, W EA A (surfactant) ¢l 2 %+ Na-citrateE ©] &3t ZnO Y TXE9]

oA FHE Zn0 U= TEREEL FARA @vFS AHgstel B4 9 BEsid,
o1& Eato] dol4 A PiIANE Ba ALY the A Zn0 e TR
Gyste] FeuA % FAFYEANN ASE Sl pH L EWBHA] BAECIR

% A3t
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el 292 22 =33 el mE si"el wet Zn0 Y= 7E2E AT F A
HojFe  FAHAAEAR 7 #4 ZAdelth. 229 Bravais Lattice ¥ Square,
dE 7= Zn0 U= 725 Ax & F Uiz
£ 53} Nano-hall +%& Az & 4 AUtk 9
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g Au U= 725 Fate] wtole AlM e Ax A

O frafdd A& AT /4 =22 yxe 7% Ao
A= A7RES Bl BH3 Zetzmys A 71ES g o w b A5
& a2 2 Uw 2 s gasksith

d3tsl7] fske] LED #9< ol&3sto] TS A3

7Hl:ﬂ-£. Al
= =2
2y 29} Metal mesh ZE<9 2%S &3 B

=

=
2~dl 7H

Ky
2 EAS UYEE Metal meshE A %3817 9
x2S ¢13 RTA(Rapid Thermal Annealing system)Z A&
A, 71del A 7] FAE]go] & EAlHe] @Al Sol-gel
o

Folel GoMe ol §F PN FHLS AT 2P WA
eN
=

HEQIE = SiO 719k Silanes ©]-&3to] Alxstom, 1 WP ofgfo] HYeEpl AT
MTMS (Methyltrimethoxysilane) 2} GPTMS(3-Glycidoxypropyltrimethoxysilane) 2] =
H| = 1 :02, 04, 0.7, 1.0% 3tar &2 THF(Tetrahydrofuran)2} o 25 Al-&3}o] 3}
olB gl A %3&}aL, Silane : THF : H20 : Catalyst : Ethanol =1 :04 : 4 : 001 : 4
o] moleH| 2 At ¥HE A= Gl ATE 3|4 5te] o] & FHujrt g
DI waterZS dropping3tdA 12475k 500rpm .2 L HFSFe] SolS 3431l ).
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ko] £ & 04wt%e WA e Zed(dE™ - EFKA-3030)2 #7lstar 1A]3F &<t
oA wdksle] el solS At FAE soly Z7AEE 1.747232cPE

MTMS : GPTMS = 1 @ 0.2%] sol& A= 150TColA H&gh =uhs dAdsHA
zahgrh. mgel FAGF sol& BRI FHAYS AT Aol AstH:

A3E A

MTMS GPTMS

Stirring for 1 h

<« Catalyst

Stirring for 10 min

< H,0
Stirring for 12 h

) Organic modified PDMS
Stirring for 1 h

Coating

< Silane 7]¥Fe] wielyl Az Wy >

Titanium(IV) isopropoxide(Ti[OCH(CH3)2]4, F.W 284.26, 98%)% ©]-&3}o] Titania
sol& Attt Ti-alkoxidew 7Frdl X7 vi¢- w222 Si-alkoxide$} & 7FF
Wl A7IA @Al R 9EAIA HE FF wEoR ARstArh.(GirbEEs] A wE
As}t) o] W Ti-alkoxide : AcAc(Acrtyl Acetone, 99%) : Isopropyl alcohol(s=%99.5%)
: water(DI) : HAc(Acetic acid, £%= 98%) =1 : 1.5 :50 : 4 : 0.04¢] =W 2 3o
Aol A 2A1ZE, 60Tl A 2417 &b alksle] TRl E HEATIAL I FOlEHE
o] 73l Fd 3l titania sol(yellowish)e €44 3FA T o] &RF-&H sol &9 st =
H 2 2t Agsle] HAo EHE =&3F Zoly 53] Acetyl acetone?] * 7}#o]
oA 3loll A FES v H o™ Acetyl acetone/Ti-alkoxide®] H]&©] 19]3lol = 714
el X B Sl AN o] A EAS T

2 7l Aol MTMSSF GPTMS++ /7148715 7FA a1 &= A S(silane)
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o] CH37I+ vWbgAd o=z 3x44d 7l =8 Xdsted F&stH(FdAd SHddA),

.‘E il
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ZHgzrYAs g3E JHAE PSS fElA s LED EECA] 2AS Fdo] =2
FIES 7HA 2 Y gA 2 AR oF st g vy e FaeS FA 5T

< B4 .
spin coating WHOoZ =¥3slo] dojzxl FI® FEF FHE WIS UV-visi
spectroscopy(Cary 100, Varian, Mulgrave, Australia)E ©o|&3le] =43 Aot} 1
o A HERE BEe} o] BE Z7o] whuto] JRAGA G oelA] HF ] ThAIE 3
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< HhelEe] AR BA >

o] 17l Metal meshel #-&3}7] 9l 2xzgo] WHo®w Lxsto] dojxl ¥
d29 AATA EAS high-resolution X-ray diffraction (XRD, X'pert PRO, Philips,
Eindhoven, Netherlands)Z O]JQ“’S}O% SA% Ayjolty, BE 279 ubdto A EA-S
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A 2l Size - 15x15cm o 100
(0)
7 samaT AEAE | % - > o7 (?‘fgg) 100

- 160 -




1Gbpsid 1] clof € w &
A4 3 A

LLL LR R LS

-
Eulm
oo 9% &7 Nedde ey @

T

W A

MOrE §59asl B Wyhal i JHEN
LLET R R TR R s B

L LI BNTEF] ]

ETRI

A Ean s

ap
(L | L L. 5
E Amas — L]
LI | Lo [ ]
[l 2 6] . — S — - L1
T L T — i
Lo

- 161 -




[ ] AW
B
AP e R ey
amem
oy — [T -
i1
8
I-rl..u-l. - ™ ...1.-_|.|
£ L LT |
L]

AE A A A (PlasmonicsAl A, PRRS 7+#])

TRL 0l LL LR L LR (S s O NI
1 4141‘! 1 4]:1!
L R LN E T LN | » A b L] LELL
o R Ll
o i % & LE] LLES L & 0 A -
[T i 1]
[T T ]
L ] -
mEn = : i A9FY
RYeE 1 T IT
0 BTEN AR E L
P O s
A8 At FEdS)EATE AVRETEERYY TEE YV A4 a8 SEAEEE [ g Y .
iBdEsd FAF P BEF Al 04 BES FaES g A% PREL &
WEE T OEET e s R dE L R Rl [ T1
AR P TR T
o BER
CBF T RT
LY P T
CTICCE T [T LTSSy "
AR el
LA e R LLT
o L L]
W S T &
| SECEII eEET -
L b LN ] iy e " p—
dade T
1L . L L]
LR B (] o il 4 - e e - - L] "= TH T
EELE T iLwTE LRl | 1= Al SAW .

l‘-d_l__:hﬂ- e fpurt ves - J

Fes D Erun | Ty | Wesmsn | -.--.q.“n-l-wj.hnllf
et e o
oM ame I 1 '] . L feew Al LR U T
s T TR e L -
L T T E T T | LA | -y
o "L |

T Tmarv

162




gaedredF 4

Wy s oy vy peadd @ RN
e BIEEETEY  Fan SE3ASSHITY

QP KITECH-

NgAREA

1 =g}
-7 ¢4 a38ien

3 b F59N &7 WY 80 0FMY NEEW
- Wl g W S 3N

2 ARdEA Y Pommonic #4, PRRS B4

3 MWW 5L @A ANl e PRES M6l us gu BE R

Lawes
AR A BT, PR IB] + B RE

5 oAy
+HAEE AT de

A :aé“%

Fobe. 10, A

P ogasn edn A =

dagariedT Y

BTARA 67 WOAAE mEag 8 LR
Tl A SEE-ATY | Pun BEGADE T

P CTECH

L L]
1 o AT L

a2, s ge s &Y.

BN RS s JEE SN - a5 ALl

[+ HI j=.

i s am
Brghs FLI|

10 AR RS s JER &7

L]
1 &3@ Amgle &= | ARkl = 16533 RU
5 ELOMAE PRES 45 AR 900 - 00 RUAA 9900
A4 = 157V W)
o Ange (" | Wb L5233 AL - 08X
25D W Baadt mi = ED

e B
KITECH RPN EATH
i e FrAne W pvan e NeW 8 (25
Tl G4 A0 AR (P as BEDSSDETTY
L A WA
. AL SRS LR BT
« s PERS WAl il
- g PRRS #F o
» abgl gw| SR AW (A K-MAC, B9y SFH miom)
) RETL Y
o L d 10 e
L L L

1) SPR & oiel RISy o #lE Paomonls @8 W # kailng Wb

20 W g S0 S A g iel il iy SPR S B AngleRUH 8
sl we

B oM PRES 4% TR SR Al S NN B AN AngleRLD B
Lkl L]

(I stebql | Hoshrmger ingeliesn, W SRS S Gngrhvee FRES MLY)

@ A WA B Y Puls WE muEE w1 A

05 S9ciAd SUR WRFMSHI AME RS A ARAdal deian
AngeltLog & #1 %k

T SPR &4 A Angledt | AU 10,0007 = sgec

T ag ge@ P oHE, RUsiM ¢ B

- 163 -




- AE AR (Y dE S4)

BItEa M

e el | Ak w2
TN N MIANE MHEY RYEW
e DOP-0-G5e fuc G-pon-aw MOV [ 1M E T

.o m
R B et Lt

LI LT B T T

LYANANN BN : A4 4&0

3 AN Y C FE-ESHME S48 v o S5 w2 Y
1. 44549

o B | Nar) putberil. Sed on S0 milssirae

k| 1% = Swen

A 549 C 0 EM

6, A mEe 10 L

6 Y4ARg
s I - 1 o o« 0 LT
14 W0 T
T. AU
1 "

FE

Bdau

pRUM) | anTH B4 wa
REFL N AN NOME AT
el R2-G0Y-4611. i DRS040

L MR R

Bligh Vrwn, MisbeiSchorky Fiok] i sssn

t Srmfaee S1M e
i FU PSEMIGumis 20 F}

i 47ran

Nuiwi patborn e | 104t 1R dem

S0y Naw wtnwiure spe | E0mm T 1R inm

2E

!
pRddEaya way He
e o [
HEENL W7 WU Y SRR

ik PE-H00-85 1 for OG00S0 | WOMLI (I & T

1-3 Al sapd

FE-5EM
e

Iresugy

| -
| ..

pRdeaT R B e
T T
BREA W7 DU MU STRE

Pt p-H00-50) for DEPGO0-S500F | WML (AN &7

1-3 Asiaa

FE-SEM

Irsuge

s
g

- 164 -




-

PRUN)|SHTE Ay B2
T T T I — '@'
TRRITE PR muiisy  ASIIECH

- A
FE-SEM

i
[ —
| ..

2an

sk el LELL
T LI 1= [ ———
TTURITE TR swiensn | LIESH

- sjdagd
s

Trmags

| ..

®OlE D |

PRYM) G aay ma
L #8EVIGHEE
BERAL W AL ey e piiielad
| Thee ir-ge-g91a hes ONZ-dandos | MO (T W T

1 iy
FE i

S

Inuasge
| . .
.\l" . .

- 165 -




H]

of\

- "=

el LD -

e T A e e

il s . (L3 |
AR . J. -
B MBASMM a0 ean o :
L A09-81-T6652 -t [EEEE 124-B6-84 166
| ux | | o I"‘"_"_ ga | FUEs W = |f.'.-"i‘
4='i EE |PEgDU wE ARy =] UHE ENE w80l BRP TEOAE A g S
- B | i b= L E
| @m iz==am FEFAs | | o |Esew | RugmE
| ¥% jmmum=p e | BreEs |
AREN i [ T
s | w [ = A, (0 I A, 1o |
i 3l
& | = ] A | ew £ FT L] Hm EF
i E | peEREE e BB R e e e e o T
= | puseszEror gRAT e | L0 W 08 o oo
R A T 1 ¥ = i [ R
2| unkgs e BRES T iy 'ln'n| -t:a'nm| 1 Wl (e
= =
LEF EE =2 .f T o tieE Sawh v ' m
ITW.“| o ELAL T
T LEEE]
L2 B EE TP sl L RNl R S s DRI LR BT R R LY N Sos R LN s [T g s
LIRS 2 NPT TE Bk S I S T e
galel N - e L mie G
LT ] mniw :[ L
HA MBHAM san v
Eemn o
Eewg 409-81-T76652 . |namg 409-86—-24955
a e
W YHH &I um |ﬁhﬁ 5 T S RS ] | =% |IE‘|
=]
SnR |Eegaly S ANE .‘.-|-_"|1 WOR | FEEMS 37 HPEREIEE G
n Ll s R :I-‘. L FEXER SN MR a7 s e
o REELMW #uSliTmg I fa [|WE s iWg FupEmE
EH |[FNudp | E® gy stegn e
Aglyn FFEL s
e | oa [ ow 1,060,000 Fis, 000
Ha
Els i | =w B g an {1
O | L | O e @ 00 (00, g DUy
FRaa ma =) a8 ol =g
R ¥
T PR 000 L] o i I, THA, 00| =i "
=N 3

B A WAL TN R R SR, E el B AT Sa el WL Faerre SR ET IHE fand

SRR FMANEY  [SENER L | T

- 166




SE S e ) R - TR LT ]
FT =iy .| = 8
A 3 . |
A HSAUM wanwes s -
|eems 409-81-76652 409-86-10596
=
s | ERES an |I"H“ | ) =S an |1N'-|I
. |
WEF |FsEas 53 mNE ey Ny BN
il =§ | peren 2 Ea ME O E SEda s
B (RERim Wi g E bR |EEH | R4pETE
£% |aEopp =T |§Buwg |
T o= | e
o | o | om 15,600,000 1,560,000 |
o3
LA _Eaw _na | e x| EIve i S
MEIEE L i e TR0 a0 | tenon
xi o8 v ket odio:
L 1 J § nI doha I Mg WY =
T, B0 B0 Q| AT, 0000 |
agEs ;]
SR EEiid e =500 ABH Dl VT SSiwli FUEE O SR PNTE SRS YOWT A EAR BT ENE Seu
SO R s Bl S e bR |
L R BT s =gl FOETEE
Lo ip o | w 8
- i" "
ﬁx} H‘H”i{lki HFJu 28 W= [}
— 409 -81-76652 _{_ |ws=a 305-86-00461
¥} -
T T = ) ua I:n““im; . |:uu
- E ¥
spk |FEFE 9% BiH H Eln ST AEE | Un AEE BUE
S BE |6 = L I T L
am NETEH EUdEUEE < i ] iFe W B [ ET-2cLiF
FE |@Sipp B8 T
" Zaoie | T
R 12,500, 000 1,770,000 |
iif 3
P T Al | e oy gl I T l W=
[ 7| -3 fRan el L& - - e TE EE-4m 19 O
Lags l - |_ 2 xE nEm=F |
B o i SR e = e . LS sty O — 1 R NS 2]
I.I.I-ﬂ:l_ ij Y u.mul

BER®

F &I A wTrRkeER e Ui @R e Syl e 2yl Pl & aE Sl e 9% D9E sl

WIS AW En IR LA [ s

- 167 -




Jim

bt

WIEE

0 - MRS,

R

T L

u_al_qﬂ% e ]
Emu:ulﬂ.h_amu i}

TN

e TARSIE 30 (B

5 Al

5
B PO | |=eddnnna
NOEI NERsT mr.-m W EES]

e 108 128 EW

Ol E¥(2E)= ERMASS U0 TRE STRUD
{ B oz & )

- . .! l- [] )
- ” L} * ol ".‘. a -
e .'l' - r _.:-I -r. LB '\E: e, T~ .-H hy FI- :H
i B L R : .._._.f.a-‘..
HE BEY Ul IEIEH - ]
¥
RERER TR L b

-;l.-."."-'i: #-"- .

k| |.

.-J.'II

"u‘"ﬁ"i' “"J‘“u‘fi u"u;.'i'i’ ”""H':'-L‘* .

- 168 -




SREH 10-1667316

Q) Codeeaa o ks s

(1) FHUE  1-1667316
(12) 2553281 (24) FRUA4  206i0fizY
(B1) A48 /(T L) (73) S @}
ELERERY

AOIX 1700 (2014.01) FB4F F/00 (2005010
10-3014-0050240

[ 2 b S ARG #7 AdEds e 30 (A4
B

[EIR £ .51E 2014048254
Hopdad 2014 EIsY (72) yrslar
(65) FANAL 10-2015-0124060 HeR
(43) FshUa) 20159114059 AT AAN BT AGE T, WEF WOE (EY
[CIRE B2 T Esdelnzetns)
EKHI26095 Ble =244
RI120810571 Hle BF M Hlii.ﬂﬂl-r.l 1,100 p0IEisAE 2
Zehi 1atoals

IPATIEIAT A

¢ |
RRIGHICE0MEDEG A ) ;ri;
o= gapRel ofzie] ¢gd £
A AR 5% 1 % G dde
(60 el Wy FRAN Sridae
(57) & o

& hae pabeal gAMAE e Aoead Sal gasY 42 b anel 3208 47 A e
FRATE BN, A7) A A sla 47 A WA FAE ) A AN AT Re),
A7) Fdoh WAso), F7E B AR SEY FeT 0 LHEEE IYAE M a4 34

(R AL

o ¥ E

SRSH 10-1867316

L]

Eas b

A7

A A0 A] RAE S T R BAE URE FUANAL A0 Tk v TS A5 34
S dgAdde do)ieh

AF| skl @ase), 470 A el wued FAE o SaRE Saa Bl E

A B AR MR BE NS BT A A2 ) AN, B2 ZHRALRE %
AR AE FFET, TH=EL ARE ASIEER WS 47 Aas WRIAE FRAAE ARrAT)
spe FA A

A2 B AR B SHE A A o e SalslelHa BaE 4he) mutAatd U4E
A W7 AR G AREAY FRAGEE WA, 47 FAMGEE T A SAASHE
FRARAYTE P OFRY WA GWHE fRET delhuid Teala,

o] EANEAE B e BolE olREe 4] b g BhE S R e iR S,
47| B AE
e A Eebal dREEAI HUN F ol AUuae] vhlel sofag,

471 Al e, GMsle B4 daidre SE@ol, de) L% daEe A, A 2alT
ol AR B gRE] B S0heE BE4 w8 R, 41 dEEe e fnss, 4%
o1 A FTEDS RS R e sfelie] MAE M, A BY SR ¥l W 448 ZHoe) o
Aol E e A Al WREAE dEE S AN S WA viEE adM T

a4 = R AR b Ael
W7 AEFAREE I i BAEE FEFAH,

2| SNAR me gAY F5 wadetal A7) R4 G W 8 e W e EEE e
a0 Feistn

4] BAL R 2=l AY S USE B7] Rae] HAE e

o1 FAF Wi FEE FAL - URS A7l AP A FERd

A7 A2 U] S EALE A S YES 4] 4Pl AAH Apsase)
ol Fadol Aalso] A7l Al AR SRE 5 USSR Neldd GEEE HFIZF T4
47 AREE A EERM, GRAM B RNsNAE 54 SHE SHLHE ATUINTL §4
470 g warie ek AR AYoR A B4 B NAY

i 2

#af

7% 9

“fat

784

spat

HTES

[l |

[ooaz}

{ovas]

[a0a4]

[ooas]

wes]

{ooaT]

[ooas]

foin]

SRS 10-1667316

o dalde) H8 WM T 2R, A7 24 WF HHAG, A Rl ErE G4 4E §0
Ha, BAEEE ol € 4iiEE dos 42 S MREE Aas e A v Folas
T, 47 A7 GAE B A8 R0 AT R SRR Ao Hois 4] B
Abps R glE s 4] AR daauleE saEa, 47 FAAGRNE Bl S S
ojeig FRaelag wot T A vERe Taehs AR FeaE

£ ool w8 Fal gadsgd gy FRad fuld olgd walaAye] sluge) 34 e
el FeH fdd B LAREE vk ARA SAE £ 90 SFRENE F R A 2] Rio}
wE B g asE EAE ARAY T dE FA6) g

SHREH 101667316
2k
way o

LR
&g FREA ST dot A2 4 Sashie By REEE T olRael 47 &4
4 ERE AU % SUEES SHR U SAANT) vl R B MANY e A6y,

LE RN

A BabpA dfs, @Akt o] BE ARG Aot FapRsely Gh Alsia gav, od
20} MBS Sehais o] FEA WFE diaE A3 SdE A e

agidl, oleh & KA AR F b, ARSI shRs) BF W Hoeol slalel oliabiga, HsEL, 4
Sk, BRUoR, oM B2 AF RAAL GHRKL, A f4s02s 3 GR S8 SHAA
wE WL dereiA BN el HANE 4 BAL AN, Sl Bopaaegd AN quE
Pl s QA 218 F4 AR SR e

S Sl @dl Af0-p0oT-omnuas A ek £ Alglo] A sle] Wit

7] B4 Br] ASEE Sal ddtol Alasie] Bols 0o HEE dalibs bages), S qYe Hds
o Frlal S i sndas Fab g daE #09 rEe = EdA 8, Fab
o pae ¥28 FA GEL AU St R0, B0 YR f9EE S8 AU dieEng,
BA} NS 28N FAE A4 SE dEwns] W8 @Y 005 & R 2l BT dE 7‘}@
Wb, B e, SEAM, RESM. B71% TR AEV3000 0 FHER frldles g
£ Zeiw: % It 3k ¥yea dd

A7) A2 BY] MSNE EAS Y R del FE ARATID NaWA B alem, AdSe 2ue
Zit g, Skt Aol Wi R A St g At dlel o= miite] Syt
EREIE PA, B F el HNE A ) SN R B AT sdd Sz ¢
TEHA YT [N YR FES AR T AW AU,

F, A7) FA w) AL LM RAL QYRS FORATRRY EARTEE
Wil wAe R ogefael T SAeh ofd gl Qe

A% & dons

s e

f@stals HA

£ WER 418t TE FANE AU AN BoE Homa, wa) e 3| W4 2RE AEE L 2
EAe woh A ed Aye ¢ oEs B Sohe® g olfeks Folaafuiol s, 4
B Bl AR SEE AR 4 il BAUSHUS] S SRR oAt E AT 4 2 5
el gk

B4 47 P
A8 SR @A) AL B gde] what B2 a2 Bajs aAso] gv] A} o] Fog
A Bl e BUAF|E BIIN5, 4] Bl dalule] 2 Sa) fls] FAE MU EAl HYe e
A girsh A7) Zabdl Rals|of, 4] Sa) d¥o) B foE W 2UREE Sddbs PR
o, A S el g1A0s]0] $§ SN E 2L, A3 A el Hasel, gr] BysRE
AR BE Fasn, FUTEL olEel FEvs A0 Arh Sk R EE ARAA L A s
“N'E FAHYARFRI. A2 FTIEARWE R S A fdld 8 RHEE S¥MEE 2O o

AR 4R Fo w08 2Uustel 4 bl FaREE adstn, A FolAAFEE
-i‘-ll -Q!i' Al HE FFARER N SR OEA SEVE Faee Aol E vl

B FAAMGEE B BEIAE THE o Raf 47) 4 vl 2uE 447 4 2HEEL S

169




L)

[o2}

JUE)

[oo14]

sy

[}

oo

Joens)
[an19]

Tnezn]

ez)

[035]

Ja036]

1]

[aGia]

a0sa]

J]

a1

[ae4s]

lowss)

(a7

[o0ag)

FRH (0-166716

B L

A AR L e ] Saka R RAE S ge Radtel ok delasl abr| Mol
oA, B FE RN TR ) 2Ege AaEel ANSH, v Zag4 e 2
of ghEabel B9 Eabe S WAALE ANEE, 901 AR aad Ui, Uge 44 &Y
Tl @RS fo] Aci2e] PN, A7) B FRE D wet A8 BAGAE o dEE Y
23] ] Sl FRolE TG 4 WA tHE TS0 A Aade A5 4] Bepade B8
AFE WA 40 dntAste BaE g4 dase Tl 4 TEYAT T e 2
BAIme] 4h2| Ras) AN g 421 S R LN E TRk BurE Feiske Hof shga,
o, £ dae) e FERAL @1AAEE 401 R4k fiRe 2ER SHC & URS 4 Aapol salg
LiMe, A A el Gl 4390 5 UES A Al A GSdaol, b $4L diRe Q
A TR g 3 T AR 47 R dAd W ARE o FeaE, 40 Aejiie ] &
FaM, GEEA R A@RSAAE ¥ AR Mo HE FEARTE B 4 S GuriEF
Rl

Eg), & UG BE PR BANSDE Y7 TAd Qaslol 47 HAL HE FTY £ UET HHAH
o ARATE o Tyt

Wy &

£ ubgel SE Sgtsal £ aTE FEE Fa o AMAEE B0 SHE delim sl 418
g gAGAAE BEAoh Bolakl Bakel BAE VA% 5 ol

ERY, Mol s RUR gl aal B9 EOER FEE oIR8 Sl s B4 Wiy
Tr] ] gyl AT W BREES £ BNEA 34T 5 dn, iSRS B & G B
kY g4 AE A3EE #25 8T 5 s B3 Ut

Eay pae 4y
1R Ml uh RARA B4 AN el Aol

Eoal 5 18 TR HrNA20 FrIAAAEA A% AgEsc),

W das) 4E TN é

aldl, iy Evld Sastda £ OETH s A de ol 19A4 g7 a4 AasA d
Bk,

E£1F EadE E by U4 49 e $0Sa o 2g00e] =459 gy

S B, FARA) AR08 A5 B He o] BAIS) se) F2)0 0 A
CIE) S AR 7] SaHIE Wl i 4] SRS SRR e s o] o), 47
Bl s o) A, Kol EuaL g olgna 2o aaE) Gl mabd el R oG 99
iz FrMELsICa0n, Bol SA05) v dAsl, AR ke FEaREE, 4 T2
ANFR00E ¥4 D BT foT L 2R SArolvIE Solw A2l ¥R ARG 2
S, 7l BN I00E E0 AR SIS RRARAEE B0 SR B0 U £F
i bR uleG00E THIEEh

®r|F0200HE MEATE RARISA) YRl A HAe, SIS B AL MR ZAEEAT Y &
ARG WS A6 E AR FAES £ TR 4R, g8 AU A8
B AN, A 0N GG SRR Sl el Wgasc

A MAFAC00 L A BARLEY S QEETITE ARIN & AR SRl oie AslAorsy, 4o A
sla(g1or] HUFE p ) Fia0id, b vhada iRl B S0 E wEE s,
Tl HOR0reENE Wb e TR SRS, B2 FHEAME Fe IHE 34 8
A2k 7] BAKIG)E WEES] A Rl AHF U eUENe) Gd deae dutusn e Teed

Aoladins A0 RAHIG)E i) s, dSsdel abr] fR1RTeR ReH1E GEE) F940

i

EXGH 10-1B67316

Siebe sl liniore PEA Hd HFHoE ARd G Feg Waad, 47 498 s 10
o8 A4, d4Y. N2y FoeR S

=4, FE=EQ 44T oAb AR iy A dies i Sels], Ue dElF e dqane
<HE el pdel K A,

S, EH SARE WRAE, ] RSRAG006) BEAE W] peel AsHEAconE 2
A A, A o, ddEfoR Gle P AEwis dd=f o g elsid e
HHaisen el Fxe eAsal g gagad Fesle Fdned cheh oyl WYHs FEE Sl
2

AelfdiamiE 44 BALAF00HE B SHE 4 H9% L L9EYY A90eEE 2 £
EFPAELETH  UAE  #0 WE mdmel 4| ARTAsZE  fEHndd s
Ao (e A7l FTIAAERE0E BH FAS SAMAEE SRARAE B SR85 duizl o
A EE AUAu e R SN0 E ol

Ao S e FASGANE B Bl AT L 2UFA Aol slalel A FAladxes A
£ 1080 AR, 2YHREOLS 2uE AR SAY AT D LS8N SHdolEAL ARy 4
U A ZURHADY 29 FEAA D08 ARAES B

wasteiei s AFARAUd Usale dosE Prat ¢ U AAY wHTIE s @) wible
AR RN AR A R FRed

oldf, #HA Bl ATAFARel Ades delsHE P08 ol FAesd, AW, A0E 22 A
ol e (A Aol ebgr el 7] BAUGA0 WAl el AT 00 B 23 dloleg
felReA £A505 EHENE BuAT FeAA A5 AEE YA = Ut B6, FARE
D WHTAEEN BRAAE DAY SHAEE SRFLD AT o} TN EA wc} kg dla]
7 HeT

dhal, FAMENE S SAHS B, R AR @ FUAE P el el Bl G gas
FUE Fade 54 gon 44 = g

A7) TS uhs) fel FAM W W] bR FASa) BAR9(10000 EW EaR FAE olEd F
AMFdoa)e] viEse] FApI) fMEr] el EoE FET R LEEAE dof FREA SAW
I, FAPFHAG0 R S FAIE) B ] Wbl FAHE SR dEsls S0 AT 5
A Aol 2

EA, A0 E F0 EAaddeE S0 3PN doliE delddd fanag AN E B
Hah SolA SAHIE A AelE AN & Al

GHIl, % el SRECOREEAL BN AR08 4] A0S A SRR BdY 4 SR A5 2y
(1500 U5 ERAMTONEE Ar] A B4 FE# SAE F AR 4] JAHIG)M 407 &5
AM(7e2) 8, Aba| S die g Mgl SAle 7 A= 4 Ja08)d e Aaskeds
(708 9 A7) Jalisieg Malsel HA(15) WRRTR GEvhl A4F QEGM)E o Fojdc,

7] AokiAco e BAREE 4] SN0, FSAATR 2 ARALAATIN S S 398
SAMolEE ARHECTE B 40 B0 S fRdd. dede GAA4 SRR 4
HAHL HAOE @Yo £, S, sigziA desE S8 o S48 AG0585 Yag fug 2o

AR E AR A0S G sl Hals, adE) YR S8 P du g
EOMSIME AL eI FASARNE T SHH fAE W sd@de) SalelEa) Ale]
HYE FALURS 7|23 a4y HE HFAZNAIR SEAH RAHIE YRR dEnch

BOERE S0 DAY Q4 4§ FIR 4URav ol AN Ak RIAY T AR Ll 3y
S ANE AR AT dleNE S aY % IEC A 49 Avalnh g8 ot g

e 4w S0Reh o glele AEE ATl AMHE ek o e,

(23]
[xza]

Ty

(26

(o027

[wozsp

(ouz9f

(o030

tonp

(o632

(o]

g

Lonad)

SR 58 10-1661316

T oHe® YT dadslel dv S, Aclauns eSvds RUFUS GYFNA BAHE) SN
i e G000 dAse] sk A MEAEINE W] a Aviadin)e HeslA Ha
Hef; BRI HRE EESA WAAd, e, b dRSa) S A #¥e Eig R
ARIEY SRR e ESAlD P AlER RSBt A E el s,

TRl e TRz, TR W AR R,

ZAFINE FUTFER AR, Aol SdAR(zd0) vhuse ok 4] LAFGRLN B2
& FUE BHE piree ool QAbd & galalri gebtaalct, BRIE F 0] 1 515E0 A 657
el R, MAFAF TSI 45 ARILE Hier) oleltrE TeSng FY 8
el 420 bR (2R WA TEFUIDE YT

RGNS RS A8 SRR YA AVSH, 42 AR A YE A i
B e Tad AN 4y dEane SuweR 8 e FRE A8 aug) 9 @
(M) Fom olfeis b pau BaE S o 29, AP0 S0 0 ddig, O, EE
A §l Abpole ETEe B 5 e A, oF A4 Ay, On, AL T8 Flabs] shekat 4R el
R EOEE F(Sur tace Plasaon Beseace) 2B A B 5 gdn, ot @0 dss) wEel Ay
Bl SRR BE Awa] ok psha S S ald

AR L A ANFE] ] g, e 47 AT RS 4 feladn
AREE, gl B Eebed Fuel vk A4Y Ednd sd olEE gos ghr) S0 drRs
TS & U Bk

A7 T RS Aslaaio) ARl RiE RMGS) MFFNS B34 EE HTER A7) 490 42
) RAD electeic Wnterinl VB 0| Pa|3 g0 vk ic).

WHRA(E B TAB( FE PAANAE BT, @AY BT GISIUEmE AU S Y
o PRARA0) T AT He RAE W SUHE AseEs FE Clees BE 3u =dgay
LR S Ll

B0 ) S (0 QAN ) SRS F0 Y G sees g
HES W AR FUEN, 97) AEsEReDEYE A5d Y ARG Bie B
HREL e AR L LR B A s E Tk

A dg digl o] PR Aedd gl YA E e sy, e e
(azz)s] FAE gk o1l dE B9 ETEE H(WN Surface Prasson FaveiSt 4 Ha) @] §osvs
B Echer o ) BHR. SASWSE FRT S eYEdal ik BE aad Esids
eSS Aol MR E AW FEaE oHEVE Usinel BWR4E07} Wapita) A7
(Reflectance) @ B4 Qag e AR Ygdon 2499 + U5

BrAEHR (8008 4171 MAHLE) Byl AA|Ee) B WA AR NG00, 471 RAHIE) B
A, e EWAAGILTE WA FE FENL, FORER oS8T BRANEE dod F40E
Hl FhE FRHAAL HRFALZE FURT,

A2 BERABL e RAO5) iVl 4850 FE WA, 71 AHPAGDAY FRAGEE U
# ABY F YES W A ZREE00E FelRe] RENEE MR Fhe B8 YRE A
A, ANRAE Pt U4, I, UDF v TEL o841 $ g

A gsisonye A7 EgRoun S Hase] Rt iunRty B 98 Feeka Efaps
olg #RUE Yo B e Scad SRE ARe 4o ATAGn e AEes wde
Eald abalA, #ie Flga] HAND oltseEE(Tio) T 4ed welos wE wed, o, #
H=pa gase wEY 2, Elg), FHEM0), SSEAE HeanE BRuuk ab] e @
Al e AR EE R b Sk A

EOAES SA o dFgel e TEt A gddelectron besa Lithography), Wi PEEE
(one—tmprine) B Aol bl aser interference [ithograghyl S8 A8Ae FRdALE T oy
che WEE YD THMSmrtor, evaporator HE el i3t ARSE FHa o1 AR5 FAE W00

SR8 10- 1667316

F£9 4
1030 SFFA} ghr] A=
w00r B

4000 BrPAM &R
din: Aol

A1
LIFHRL L E -
a0 A A
o 2eE

-t

o e

a: AN
“or g
450 T

Go0: AR
a01: =t
502 b
00 A fil

- 170 -




W-16673 16

&
W

=

Ut

SESE 10- w6736

Ewz

- 10

- 171



|
Jim
Q
o
(10
1
o
Ao
>
r {
Sy
>,
[

)

2ol M=

ER/BSSANA

2 & 20160828

M E AHMEFRIBMUEE)

& ® ¥ $  10-2016-0109714 (B == S 1-1-2016-0835622-96)
E R0 BEH TOFAEAN-2004-004680-6)

e el &9 ZE®E0-2016-001027-2)

BRI 4% oI

HEZ B REASMBIANAE

= ol 3 g

c_'-::ﬂ-l
1. 93 L.-I ERE FE Z0 BHECE RS 0|8 A HEuEE SRHESE S
o =olahal 4 alSUICH
ZERNTDE =-E B2 UEEN S8 SEHETZSH 49 UENHE =
S JIHGHH 212 2Hl= E= 2 8n S50 0F 8L
BUHEIHE 030 F2E)+ LS

3.75t2 F4 IR0 S2 HBIAME0 UAS 2. SA [EVRIIE FEUA(FH), FF
TA]E &S00 S8 0182 24E SNANE HANOZ BE & USLILH
# S5 2 (patentzodr) R = O RAHALREE > R518 AYA A WSS M

4 SHEABLUASH)EES HAN T B 20 ERE R, S5EH 08 e 5
M ANEINZ LN SHMMN HEZ MSE WM T= S JITHE AHE S 2R 2|
M EHE = Alglch

5.9 02 EREHIN S AR CTHS(RS-ABAPHU DIS2IE RAIS(MH)E 0S8
2 A0 SUSHUS ASHA NFHD T Gl IR0 BYSHYZSE 2 HE T
EP LEGE 2| =0l &SRO R4 HE DIEES == gLl

% A5 U - nprww kipo. o ke 81 0| 2-PCT/O S 2] =

B P 012 B -AENYE LW, S H-CINEIS 6 0lL)

HORSHAEYY HARE I 22 22LZIN PHATIFH AL HEN0I ITNLA0, PEYES
B 16 E 0ILHD) 0| 2S5 4 BE0) [M A2 085 44 (PTOSBANE H &5t LI S2LIEH 263 SYMF
B HESI0I0 2LICH

= SRAMAS S0 MG 6t F 0= Ot2H2 Z0] 5100} 6l 0| S FIEE A
> PEpE0 O2 HEE BE 4 UsUDL
=6 S 10-2010-0000000, & F 5 % &5 40-2010-0000000

T EE0 HE LT WEHNAM HUE HHE MENOIS)T RN S HEHE B2 A2,
EHEY Me2E0 et MATHUL EAHREEE HU SHE HI133E0 Ot S=0/£0
SHEEAMFIE + el

JIEF A B 2B AEE 552 HHHE ZESEAID BEELICH

5&40"‘

m

2016-08-28

- 172 -




2016-08-28
)
1291
B UEe 2R @7 Aaged 8% A2, Axws Sid 4459
47 24 Amel FAE A7 &4 FrE FRATAG 47 S4 G FE
#7] 4L AEE @ESARE Bo18sh 7] Fape) Ao, 47 &4 B8
Egg F9F 2 L9EUR SPa9e TAASLUWE 2 R4 gud 479
o Ba WA E2EEAG. 471 T4 B EALE, 40 2R
@gd HE FrRn, EELS o8¥ FRANEL 2o 3] s e
FE BRA7E ARLAT Bgd FANERFRH B FAAAFEE AR
AR, AzFAdFd, AN, ES FHZE 4A5E Testn, ALGdeED
28 AL TN A4 BQ BOZE 4484 L0 B FA%
el ABAD. AzRAeDle] 7 Bele TANDL PN, FNAAS
Hs 2EF Sgee, BY FUEE e S84 92 e 47182E 23
sl A& SH2e B

ME=E]

E32

2010-05-28

I= 21

I= 31

ol

2018-08-28

Izl

=11

i
p

- 173 -




=+ (The study of light waveguide effects on ZnO nanorod arrays)
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» Th

» The local surface plasmon resonance (LSPR) of metal nanoparticles i
performance of photoelectric cell. Recently, semiconductor solar cells of silicon enhanced by surf
Teportcd. Many scentists have studied on the improvement of the dye sensitsed soar cels (DS5C3)sine ORegan and Gratze
reported it for the first time in 1991.

s ecognined as o promising methr to improve the

ce plasmon have al so

5 L3P can improve the photoleculc comerlon ffiency (PCE of DSSC by genertingo videcletromagnetic feldnear he

surface of metal

previous esearchers showed that if metal nanopartcies were added, efciency decreased, which was atributable (0 the reduced

improve the performance of DSSCs and manufactured the
ped

> This study formee Silver (Ag) thin film using E-beam equipment on the thin film of T, that is used as photoclectrode (o

However

energy transtr that ocurs betwen abtorbed dye molécules. By doing 4 tis studyIvesigted e o of the et o
s performance and Ag nanoparticle size.

Exporimental and wlts

Scheme images of a) TIO, coated on FTO,  FESEM images of a) TiO, film and b), o).
1) As costed on 10, lecirode, ¢ Ag hin and d) Ag nanoparticle on Ti0, dependi
il on O, depending on the anncaing 0 the annealng time of 5 s s, 3nd

min) on TiO, ilm. ) EDX
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Xray diffaction_patterns of Az Absorption spectrum of Ti, dye and Ti0,/As.

the TiO, photoelectrode to improve the performance of the DSSCs and

imesigacd the impac of DSSCsaplisd dependin o e sse of 4 o

icle.
R reslt, when the scope and intensiy of light Sbsorption in TI0,
photoelectrode where Ag nano particles increased more than

the PCE also appeared higher. Furthermore, the low content of .13 % in Ag

Among which,
highest current density and o This sugacats that ompared 1o she nou

T
I
i
i nieghos o

V)

\__ withsses

Photocurrent density-voltage (J-) curves of the pure DSSC and Ag nano partiles

by about 24 %. IF the size of Ag nano particle was more than 28 nim, light
P

created from dye and then moves due to increased light absorption by the
LSPR of Ag el

transferred, thus increasing the recombination with 1, of electrolyte and

deteriorating the performance of DSSCs. )
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T DI- DO Board
o9e A DC 12V
2H] A E 2W(H o)
A RS-485(Modbus-RTU)
Baud Rate 9600

Parity None
Stop Bits 1
Byte Size 8
S HAIZE o 200ms
DI X 8CH (12V ™ 24V)
DO X 8CH (250V / 1A)

—

oft > Ex AL

< DI/DO Board A} >

d

9 el DIDO Board 7401 92 A8 A9 % $ALA 5 A4 43
@ 880D, ¥ BYDOIE WHT e} A 847N B F5o
A% = F
9},

O

’ [}
= 8@,% FAN Fault *1§ 2 T3 ANGHIE AATES
RUE ] 7bed  de REE HAs

ﬂa H1

Y - VoC 5V
S 15 MDA0SS-05E 0
e NN 1 IV b
bt | A
. INAOO!
0 | ca
05 A~EC0FIEY
104

v H

< DI/DO A9 Ao g=>

W 8 A9

He &8 80%

E B3 7%

1% F3+4 100khz
2 2% -40C~ 105T
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MD105S-05E DC-DC AHE RES A&l = Hr)H o=
AAste] ¢F AY wol=2E 1yste] AAE FgsAn. 9 29 AAE DI/DO #
Y4 dd IJEEE Yelda

)

VDD_12V

(

dEE o wmol= AAE A o= AE MIAAEH(CHM)E AL e, 9F
Sl LED(DI0O)E AAste] st=do] FelM® 4= s &<l & =

4 =
agstith £ WAL s DI 98 AUS 4VAA JPws

1t

d

)

(R92)S A4 st 532 HAAE At ofdf 192 =2 DO Board +5 3
w2 dea o
VDD 1V
K16
RELAY1 Pata-12V

u
< R_OUT1
__O_

< =% DO +& 3= >

AFE 2YstE 98 Sizes E91F F A& Pala - 12V Edol& A& o
ddlo] e A Hd 250V/1A Loads A4 & F A=E AAE WYLt o
Al z=dlo A= MG/SWE o] &3] Aoj7t 7hsd o+ AEHF FAsId o, 9 2%
g o 2 DI-DO PCB 2DAAIE &3t ofell 192

Efl AL 2l
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< DI-DO PCB 3=Z% >

=3 DI-DO PCB 2D AAIEE nvlgro w2 AW E HA3E 317] 93k 3D oY A
AE Agstglon, TEEAS B8 PCBA/E ndstel 713S 195k DI-Do PCB
A A FA 2SS 4539 ofgl 2982 DI-Do PCB ©}E< 3D % DI-Do PCB A A%
o ez .

< DI-Do PCB AJA|# >
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DI/DO Boad®] F41EHo]~= RS-4852A A3, ModBus RTU Z2&ZS &
st HolHE F4 & & detth 3 GA~EHE o] &3t sld WA
[e]

|8 2 bsE S QES sG], ok 1Ye

H
Jfu
4
19 op

FC | START ADDRESS (Dec) g5 Type by &9 Ha
30001 ! 156it = 159 0] g 7T QEnE
CiTE ol o 24
g | AR | GRS [ e thit= 04 291 49 718 224 i
30002 _ . 15bit = 158 A4 0f Cfp CIT| 8 S ME
0 s B o= i =
ol D R e oot-ou e qeoRE s | O
30003
0x0002
03h| 20003
0h] 30004
0x0003
40004
30005
040004
40005 .
A - (03, 04, 06)
FC | START ADDRESS (Dec) 3E Type ch9f b2
040000 BEEEN I EEERT OiFED0 = S ON, Ix0000 = 23 OFF AW
0x0001 EREEEE IEEEEEE T 0FE00 = S2 ON, 040000 = 22 OFF R
0x0002 FEEEN EEEEED 0WFFO0 = S8 ON, (0000 = 2 OFF B/W
0x0003 EREECE IEEEEEIET 04FEQ0 = S8 ON, 040000 = Z& OFF AW
DX0004 EEEEEN IEEEEEEE 0NFE00 = S 3 ON, (0000 = 22 OFF W
040005 EREEEE IEEEEEEE 0+FF00 = S ON, 0x0000 = 22 OFF AW
040005 EREEEE IEEEEEEE 0NFFO0 = S ON, 040000 = 22 OFF AW
0h 0x0007 FEEECE IEEEEEIET 0FFO0 = Z2 ON, 0x0000 = £2 OFF AW
05h OX0008 EEEEl EEEEEEE OKFED0 = S3 ON, (x0000 = 23 OFF AW
040009 Orges | Oxgsas 4y OxFE00 = S8 ON, (x0000 = 2 OFF R/W
0X000A trgza | OnE sE04E OKFEQ0 = 23 ON, (X000 = 2 OFF R/W
0X000B OnEz3 | ONE SEILAE 0FEQ0 = S ON, 040000 = 2 OFF AW
0x000C SEEEN EEETET OXFEDD = £ ON, 040000 = 2 & OFF R/W
0x000D OrE s | OFE 221344 ORFE00 = 22 ON, (x0000 = 22 OFF R
04000 2z | onE zzu s 0FF00 = S2 ON, 0:0000 = 22 OFF AW
04000 ¥ | OnE 23054 0FF00 = 22 ON, (x0000 = 2 OFF R
34 - (01, 05)

< Di-Do Modbus @ # ~€ >

2 A z=d] ALE 35 9% 75 E A AYS 9% AA = NDP-P6X=E AH
stom, &% B4 ¥ At SAE YAY A4 EEE Digital 2CE dolE g =4
o] JFedtEE FAsPer, =4 WYE 12716 Bit =R -500Pa T +500Pa(+/-2
inch) 89S ztet) ofglag e AAYE A NDP-P6XEA AM 54 2 Z2eF
< YeEtda v
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Parametar

< 2444 NDP-P6X >

SDP8&xx | SDP6xx

Operating voltage

30-36V
(A supply voltage of 3.3V is recommended)

Current drain

<& mA typical in operation

Interface

Digital 2-wire interface (12C)

Bus clock fraquency

100 kHz typical, 400 kHz max.

Default I2C address

64 {binary: 1000 000)

Scale factor®

SDPExx-500Pa & SDP3xx 60 Pa-
SDPEx0-125Pa 240 Pat
SDP&x0-25Pa 1200 Pa-'
Far all 500 Pa versions:
Scale factor to alternative 6000 mbar-!
units® 413'686 psi-!
14'945 (inch Hz0)"
24'000 mbar-
SDP Bx0-125Pa 1'654'744 psi+!
59'780 (inch Hz0)"
120'000 mbar-
SDPEx0-25Pa 8273719 psi-!
288'900 (inch H20)!

< NDP-P6X AA EA >
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I2C Measurement

8-bit command code: hF1
Command: Trigger differential pressure measurement

1 2 3 4 5 6 7 8 9

O|O‘0|O‘O‘O

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

-
ET 0|0‘0|0’0‘0 0E1’1‘1 110 0|0F2_ S
w

|[2CAdr Command 12CAdr

-

(10‘!11213141516171819202122232425262?282930313233343536

_MSETie MeasBats |55 |~-SEyte MoasD i é-—‘_fﬁe___ )_-—éﬁ

R s i oy

Hatched areas indicate that the sensor controls the SDA line.

< NDP-P6X I2C Protocol >

T BFA 280 3% FANS 9838 7587 918] Starvert-iP5A |

dlglon), RS4S5 EAMA S ALEate FAN S0 we 7% Aojst ed 4

A ] HolEE Fuitel webd 7] A AR Sqe A5

=5 AdAAsith obdl 1" F % A
(e}

H
: < 3, A
2" A7} 7 ¢ JEEH HAAE Starvert-iPSA FHE YER L QT

< Starvert-iPbA >
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sv 1] i65A-20]

sgey P
(i
224 88 (WA
52 48 (A
g my
ool g
(rh B (V)
B2 2 (V)
W e
w2 gy
el 5% (ko)
SAIREH ol A=
S4Bl
2%} 5 &
=3

Address

004 008

0.5 f

04 | 075
085 | 18

2.5 5
19 4

0.76 | 0.77

015

1

112

3

a0

040 055 075
5.4 1.5 10

4,0 5.5 15

65 | 81 | 122
17 24 32
400 [Hz] "

34 200~ 230V

34 200 ~ 230 VAC (+10%,-15% )
~§0 [Hz] (£5%)

022 037
3 5
2.2 37
4.5 6.1
12 16
50
1,84 1,88

dH B4

1.89 | 3.66 | 3.66

< QIWE 2 AR >

Parameter

ScaleUnitR/W

20~

HE® S2Us

BIT8~12: ZM4 X HE
0:DRV-00,1: AHZ o &, 2: [IES1L
3: GC%2, 4 OE&3 5 [Hk
6 CHEH&5, 7 1 CE&6, 8 ; 1247
9:9,10: 02, 11: g0 HE, 12: V0
13:V1, 14 :1,15: VO+I, 16 : V141,
17 :10G, 18 : PID, 19: &

31 : Reserved

110 150
5 | 20
| 15
17.5 | 228
46 60
8.00 | 8.0

NEHR
MEE,

4

185 220

25 30

18.5 22

282 | 335

74 L

133 | 133
g5t dHolH
o JEHE ¢l

0xD007

=

0.1

sec

R/W

Jis HOIE &8X

0x0008

=|=
3]

=
3]

0.1

sec

R/W

Jis HOE BX

0x0009

]
JB | Jg | dB

i | O

ra
I

0.1

Jis HOIE B8Z

0x000A

L)
i

4H
fus
i

0.01

Hz

JIs HOE BX

0x000B

1
e
=]

0.1

Js HUE 8

0x000C

0.1

Jis HolE &%

0x000D

0.1

kw

x| (= x

Js Holg &%

0x0D00E

28 4H
(status of
Inverter)

BITO:
BIT1:
BIT2:
BIT3:
BIT 4 :
BITS5:
BIT6:
R | BIT7:
BIT8:
Bit9:

BIT14

a1

DC Braking =
BlE

not Used
BIT10 :
BIT11 :
BIT12 :
BIT13:

Brakelj g4l s
HUETH(NHOH 1)
QEENE(NENE 1)
REM. R/S

: REM. Freg.

< QIHE FA HA=E >

O wE i
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Block

255 HlA

PT100 X 2

ADC

SHT11
2 A

L » DC12v/iA

I RS485
|
=

| =
y
o~ T | o
Iy IEIHEE
| Z|F| B IR o
AR 2|l ol @ = — || O
ﬂlﬂM@ml82X~ )
hd —
WiRIEIZ|T|7 FIS|I2|E| s
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oz
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SHT11AAN 2 AAs

-
1

= Al A]
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=

WA
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T
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ok ofel 28-S AAHE PTI00Q ==44Z ey

S
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X

< 342 Pt1I00Q =% Al >

< 3424 Pt100Q 3= >
PT1004A 3z vy 2o,

- AAF =
PT1004IA ¢l EUl&= AR/FE ImA AHAFE AZAA Yo gHE BAstal Al
S oA, Ao ImAES ZElw V=IR ®H o o Rgtel wpel Vgkol Wabst
Walshe Ve S48 Rits ez 78 4 9ok
Ex) AlAel ImAE E¢a Jd A SAHHE= AFFko] 01Ved V=IR¥ A i
0.1= 0.001 * R->R= 0.1/0.001 A&7t 100<°] E-> PT10044 ¢ 4% 1002 ¢ u
AN 0EYoz A 2= 0%7F dt),

- Vref A 3=
ADCAl 71 Aoz 54 AUEE HFedo= g Tas slzoy F8Ege
= _/r_ (e =]

3.02Veltt. PC = HAEZAA = ofd=a Ao g
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HAEAl S = e tE%‘r W= Ak ok,
o= A& A/DWEol} shar, WMesh= AA =

olFA olFE I NI E HAYAMNTE W

ADC(Analog to Digital Converter)©]

= Al duly AESHA el ¢ dEAE Yulsh
=
- PTI00Q % A= A3t
R31-> PT1002 AlA
R32, R33, R34-> A= #3+gk
- 342 AA Wire 4243 93 BA 32
PT100Q
10 )
A A
100+200 { . 10 0 .
10 O
PTI00Q & &2 0= & of A A&gho] 100Q0] HARE, AXe] Agrp dojAw A
2 A uFo] A7 HAE 53 PTIO0RS] A% Age] ®Hsld e 25 74
st R MR Ao F3yw FA st A%Ivbﬂumglﬁ4b Age] &% o
Aol EREE T, HFEA] e ALY 7MY AMoR 2L e 2k AEEH d9ZF

ool 3 M mAdlo] 10Q 0]t 7HA
Upel, Bs baA A

Yo dEn w5e 433

}Uﬂ 100Q°l A= 27ke A% 20+ Haj A e
200 “ew, olgk

Eﬂ olHE SuT 5 3l

S PTI100Q A &gkol A ufol

Sl FEIE A% HE 2
R9 R109] Aggos SE5S 24 (Gain=(RI/RI+D). FF4 AEHox Agte
2 FY5E g 0% U W 01VE ofF A& golth ol@ke AWz ADCield
Eg FoF shul v SEE Aol 4N AY Fe FEAL & At
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< HHPH SE3 = >

pt100& 2= -A¢g Hol=

1015 : 1025 : 1035 ¢ 1045 : 105% | 1065 : 1075 | 108& 109 : 110k

1368408 § f30.88 (140 27 ¢ (40 88 ¢ (4 08 | f4f 45 | f4f g4 ;42 23 ¢ (42 @2 ¢ 43 0f

91L& : 925 @ 93k 0 94F | 96k | 96% ! 9V% @ 98 . 99F : 100k

73888 (138 87 1136 38 13878 113718 | 137849 113723 1 138.32 (138.71 138 10

81k | 82 : 83k @ 84% - 8Lk | 86 : 87k | 88k @ 89L& | 90

ra3r.87 113208 132 45 ¢ (32 84 ¢ £33 24 | 133 43 {134 02 ¢ 134 4f (3480 : f348 10

A 725 73k - 74X | 75k | ¥6% (| 7iE 78k ¢ 79T ;. 80T

f27.78 (128 18 (128 54 (12883 (12833 |26 .72 113011 1 130.60 1 130.88 ;131 28

615 : 62% : 83k @ 645 @ 68K | 66k : 67k | 68k @ 695 | TOI

f23. 85 1124 24 124 G2 ¢ (25 02 ¢ 125 42 | 125 8f 1128 20 1 128 50 126 08 ;A7 37

b1k : 52% 63k : b4k | bbk | b6k ! 57VF 68k & 59T : 60T

F18.84 112033 1120 72 121 fF (121 80 | 127,80 (122208 1122 88 123,07 1 123 49

A1 : A2% ¢ A3 | A4S ABE | 46X : ATE | A8% - 495 | B0

frE03 P Hfg 42 tffg af 720 tff7 a0 | 11708 118 38 (1877 11848  ff3. 55

31E : 325F @ 33k 0 34%F | 36k | 36% ! 3VE @ 38k @ 39%F : 40T

fra 12 tpp2.8f 11280 11328 (113,688 | 11408 (11447 (11488 11528 (11889

215 225 1 235 ¢ 245 ¢ 2B | 26L& : 27 | 28% ¢ 295 | 30

fO8. 21 1108 g0 108 688 1 f08.38 1108 78 | ff0 17 1058 11085 11134 11 73

11E : 127  13% . 145 : 165 | 16& : 17% | 18% @ 195 | 20%

f04.30 110488 (108 08 10847 (108 87 | 106828 1 108.85 110704 10743 1 107 82

1= 2o 3c LS b 6 T 8 9 10

FO0.38 10078 P paf 7 f10f s 10 88 | f02 35 P02 74 103 13 03 82 ¢ 03 81

0% -1 25 @ 35 ¢ A% | BE : BE @ -7 | 8F @ 9T

f00.00 99 851 (GG 22 G0 83 (9844 | 9805 (897685 (9726 96 87 ;96 48

“10& | 115 -12%  —13% : —145 | 165 : —16& | —17E  —185 | —19&%

9608 (59570 (9531 194892 (94563 |94 14 18374 8335 59286 9257

205 : 215 | 225F  P3F P 245 | 268 | 26 27T 285  —29%

8218 181,78 181 40 81 01 8062 |\ 9023 18983 8844 8805 ;8866

HME2E=(H2Z-100:)/0.391

< PT100 2% EA %

V
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T HFE 005 % =% 001 T =R F5 07100% , =% 40 ~ 1238 C 744
TAAE st eH, ofe 292 SHTII A SAEA A}

Sensor Performance

Relative Humidity Temperature

Parameter Condfion | min | typ | max | Units Parameter Condifion | min | typ | max |Units

Resolfion ! 04 | 005|005 | %RH Bk 004 | 0010 | °C
8 12 | 12 bit 12 | 14| 14 | bit

Accuracy 2 typical +4.5 %RH Accuracy 2 typical H.5 e

SHT10 maximal see Figure 2 SHT10 maximal see Figure 3

hcoracy?  |fypical [#30]  [%md Acowracy?  [ypical | 104 ] °C

SHT11 maximal see Figure 2 SHT11 maximal see Figure 3

ncouracy?  [ypical |220] [ %rd Accuwacy?  |ypical | 203 °C

SHT15 maximal see Figure 2 SHT15 maximal see Figure 3

Repealability 01 %RH Repeatabilly +0.1 °C

Hysteresis +1 HRH . 40 1238 °C

Nondnearty  |inearized <« %RH Operalig Rangs ) 2549 °F

Response time ? (¢ (63%) 8 5 Respanse Time & |t (63%) ] 0| s

Operating Rangs 0 100 | %RH Long term drift <004 “Clyr

Long term drift*  |normal <05 %RHIyr

< SHTI11 AA EA >

£2091E)Ho] 23 RS-4852 97 H3 ModBus RTU LREZS o] &3te] ulo]eE
Soq BT okl AASEE olg ol AT WA A 4d @ e AR o

2 277k Ve S QRS PSR

=
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START ADERESS (De

30001 | 0x0000 Sin16 PTI00 CHI 2&

30002 | (k0001 Sintlh PT100 CH2 2E

30003 | Ox0002 Sintl6 SHTI0 2E

30004 | 0x0003 Uinttd SHTID 2K
0h | 20005 | Ox0004 Uinti6 Ik
0dh | 30006 | 0xDO0S Uintté P
30007 | (x0006 o
30008 | 0x0007 ot
30009 | (0x0008 o]
30010 | 0x0009 oy
M -(03,04

< 37 Al Modbus A 2~H >

H5E AdRE AAS 98 OrCADE &-8&3to] PCB 7AW E AAston, AF43
shof Aol wE xS HastE 913 Sensor PCB 3|2% 2D AAE W3kt
ofell 1HE 2k AGHE AW % PCB 3 2kE WEaL ol

- -

|

i<

l"!-l!l.‘ll!l- LR

< SENSOR PCB A# >
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jl jh' T 1 =
T i =, S
o ——

< Sensor PCB 3 =2 % >

Sensor PCB 2D 3|2% =S nlgo g AWs x99 PCB AAE 938 3D olEY
A ﬁle F7HH o2 AYstg o, 7tES 3 2F Sensor PCB AZE st o
0}04 Jr g 2Bl AT AHS Mg o otz 1982 Sensor PCB AlAl3#% 2

O

rBL ﬂll

gﬂg oo ©
i s ‘5%55@

He/0000000000
/ e g0

< Sensor PCB A A% >
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System Block

10.1'Touch LCDE A g3lo] Ajz~el Ax 9@ AA7F 4
= 44 5}‘3?\0“:1 LOG H°olHE AZE + 3
< RS485% A5l en, ModBus RTU

= dAYstAd ). &3 Ethernet

PN
T

o}, SlaveQ} Z2

CE
=S

-y
a

o
==

&3t MCU 312 47
STAH STM32F103VCT

=
=
TE
=

D CARD 7l%

TEEZ o

AEAT BT A R

& F7k89
Fg3te] Alo]
el PC % AWz o

ZRERS
18

AEE At obe] 1Y Alzdle] A8 LCD UL #¢l std

tlol el A&
Qe e

RE
e
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1. 32-bit Cortex—-M3 Architecture 7+F ZZ A~ A&

. Harvard Bus 7%
gojet HolHE sl Ao mA Heagto] @dEE= T
. 3State Pipeline 7%= W&ol A
- Fetch —> Decode —> Execute
. sH MY JdHYHE HEE A4
Nvic : T ®E JHHE HEZ 9 ofxtolr Aojg A2y, JAHHE A2 #A

2, Alo] 24 A,
. Debug Access Port A ¥
- Debug & #|9sto] AAIZF Wi Debugging 71s.
. Bus Matrix®= M3 W& 55119 g #Ho]~ i

StH = ol 7Bl & 2b7] wjitel] WEo] Waet Hely WArF MER EXse] 5 A
of Fo] 7heFor wE At 7hs.
- HW ¢t538) alxleo] s o] glo] Ao g tast HolHA g7t 75

\,\ Syscon regs
lock/reset —
H BAMC e
i (NOR/SRANY (¢ !_
s SORAM)
o PLL
Integration o
5 Clock/Reset
3 Manager

|

clk/rst

regs
syscon

regs
é e M‘-.

H RS
(x2)
r g B

il
v
8
=3
it
24
c
g

Security
Processor
(tRaot)

= = ==
E
|

XMW Uid UogouUNg-13 A

=
1

r— | .
33| |ER
1

1

(8x8) xuieW JBAS|n W GHY

Vel UsB ICoprocessort =
A G ' w i
LIy (0164 By {0 baeaionad L]
""""" i D J—c L
* E ‘ - 3 §' EﬂTC-duma m;
DMAL i I i ! = ; o
e L | | =yt g | i e

{[Badkup].|
! “p{ APBI & APB2
H SRANF & Peripherals

adv-8HY | |gdv-8HY

GO | |Camera)

(16x5){ + IF 1
DMA2 S
(2ch) | / MM |

< STM32F103VCT BLOCK DIAGRAM >

Yo

- 195 -




MCU

—Kvee s.av
U1z
RELAY 4 23 6
BELAY S 23 1 hAg-WKUP/USART2_CTS/ADC12_INO/TIM2_CH1_ETR VBAT
Ixpz B4 PAVUSART2 RTS/ADCI2 IN1/TIM2 CH2 o
e PAZIUSART2 TX/ADCT2 N2 3 voD_1
Baes 28 PAJ/USART2 RXADC 12 IN3/TIMZ_ CHa voo_2 2
2 29| DAA/SPN NSSIUSARTS CKADCIZ N4 VDD 3 (00—
BB RAc 29— PAS/SPI1_SCKIADC12_IN5 voo 4 28——+4
2B MOS—24 PAG/SPI1 MISO/ADC 12_IN6/TIM3_CH1/TIM1_BKIN VD5
SBMOSL_—_82 bA7/Spi1_MOSVADC 12 N7V GHRITIMT_CH N .
TxD1 X8I PAB/USARTI_CKITIM1 VDDA A
B e RS USART T TV oHp. 21
TRIST——J5| PATUSARTTRXTINT_CH3 vReF+ H2——
Thissr 29 PAT1/USARTI_CTS/CANRX/TIM1_CH4/USBDM VREF- [20————vssa
T i RIS /USARTI RTS/GANT XTIV ETRUSBOP
L m— VL) PceTMa_cH1 83X 1o oo
SE———22-F PAT4/ITCKISWC PC7/TIM3_CH2 P REerr
Tz L N ToiTMs. ri1_ETRISPI_NSS PCBITIM3 CH3 TEEINT
RELAY 1 35 PCOTIM3_CH4 TXDZ
RECAY T2 PBO/ADC12_INSITIM3_CHA/TIM1_CH2N PC10USARTS. TX =
RECAY 522 PB1/ADC12 INO/TIM3_CHA/TIMI_CHIN PC11/USART3 RX [Eo——rxpe—
Soo 2 PB2/BOOTT PC12USART3 CK [20—TXB5 —
RS2 PB3/JTDO/TRACESWO/TIM2_CH2/SPI1_SCK PC13-TAMPER-RTC [L—X
SIRST 90 {'hay INTRSTTIMG_CH1/SPIT_MISO 63 Rxos
X2 PBS/I2C1_SMBALITIM3_CH2/SPI1_MOSI PD2TIM3_ETR [E——FK00 s
cL 92 X 84 1MP3 XDCS
= SARTT_T) 3USART2 CTS o
PD4USART2 RTS [B2—MESXER-
PDSIUSART2_ TX [8——NESDRES
RT> Rx (S —MP3 RESE
PD7/USART2 CK [28—X 1xps
PDB/USART3_TX )
PDOUSARTS
PD10USART3 CK [SL—X
11USART CTS [28—X
PB15/SPI2_MOSITIMI_CH3N PD12/TIM4_CH1USART3 RTS [-2o—X
s POWER Po13TIMA_CH2 89X o1 ey
S PCO/ADC12_IN10 PD14/TIMA_CH3 ]
PC1/ADCIZ IN11 PDAS/TIMA_CH4
2] PczimnciaTingg T
%22 PcampciziNgs PEO/TIMA_ETR E——Bi———
%83 PCa/ADCI2 INTA D1 i — —
X3 pC5ADCIZ IN5 PE2/TRACECK 55
T PE3/TRACEDO —
KA 124 0sc N PE4/TRAGED 1 s
X—8PPciaoscaz IN PESTRACED2 oIo}
813 BE0IOSC_INICANRX PEG/TRACED3 [ 55 A5
o PE7/TIMI_ETR |35 o
TRESET 4] BOOTO PES/TIMI_GHIN 28
reo e ——14 NRsT PEO/TING_CH1 Tn
R 40 PE10/TIMI_GH2N 43
424 vss_1 PE11TINA_CH2 oe=
S S — PE12/TIMI_CHIN
S —T 3 PE1S/TINA_CH3 [44—X
204 vssa PE14/TIMI CHs [F2—X o5 o
vssTs PE15/TIM1_BKIN
194 vssa 15-0SC32_OUT $-8—X
PD1IOSC. QUTIGANTX 4 B2
= Jsea X2 nc osc_out ¢14-X
MS1000

< STM32F103VCT MCU 3|=Z >

ko

MCU 3|2 AAE vgoz fHolg AZ3z AAE dsglon, sa3g Holy

Aol AdFA®E {FAHEE WEZe EEPROMl AAst=s: FASAL. =

2-Wire Serial Interface (I2C) & 33| ©lo]HE Read, Write dt32, 400kHz &%=

64ke] &HS A T Jdon, 1009371 227]E 2 o] JhsstEs AASA . of
EEPROM A %32 HAAE Yepda )t

ot

a
R T

VCC 3.3V VCC 3.3V Ut
' 5 SDA VCC 3.3V

7|0 AT
A ji
RT2 ¢ RT3 3

1K 1K - c23
—= S veo <—|8 VCC 3.3V 1104

GND 7 =
SDA | ScL Wp
AT2IC32

< EEPROM A% 3= >

w3 g&F LOGHoHE A
AAEH, SPI E4l0=2 1E1
A

|
7

dol AtgEolw {4
E Read/Write & & 3l
stalch. E3k dAASs AAE A, HelE S 7bed 5 9l RTC 3=

%7}?‘423 A eYstet. ot 1%% A71¥ SDCARD A% =} RTCS =4
HER AL

1
%o,
il
S
117
I
lo
wm
)
O
>
=
s
=2

Pﬂé—"

o

196




R4 1k  SD_DATAI VCC 3.3V
$D_33V—RA AR

R75 10K  SD_DATA2 VCC 3.3V
$D_33V—RR AR C_
U4 Q1
SD_DATA2
W DATA? IRLML6401
D OS5 | CDIDATAS
————| CMDMOSI
SD_3.3v 5 VCC
—%|CKK
GND L
ST ; DATAOMISO SD_33v
DD g | DATAI 2
= ———C
SDCARDﬂ
< SDCARD A %32 >
VCC_3.3V VCC_3.3V
R129 R130
10k 10k
RTC_CLK RTC_DATA
U21 FCMZOOC 132.768KHz
RTC_DATA 6 2
RTC_CIK 77| DATA X1 1 3p
RTC_CS 5 pCLK 3
RST X2 5 *
BAK 1
vee sv—— 1 fyee car
S1302
< RTC 32 >

A WA EE AladoA dolE U ARAEFS 98] AUl AZ2S HAA F3s)
7] fl8) W5100€ Agstglen, ol st=slol WA o] Tep/IP7F W€ AE
2 Fogxa gut= Alzde el AAo] rpFalch T3k el e TCP/IPS}

#HA 3}t Ho] 9t st=sofel s TCP/IPx= TCP, UDP, IPc4, ICMP, ARP, IGMP,
PPoES S A date] thdst A4S A 5+ don, 4749 e st=go] 27
& SAll ARE 7kl MCUSH= SPIE F3 lE#lo]2~ F8eo] 7hsatet. ofef 1§
< A" W5100 vl H S22 s vEhfa 3.

- 197 -




1 vee 1av

HEZZ 14 B+
EA

TN KK BIRZ239H &
U0 EETE 0oNNNNoo

|

§ vec saa

< W5100 3] & >

2" BAAAS 98 Low-Power Quad-Channel Digital Isolator® 150Mbpss: &=
Ao E RFEYA o2 ddste] e + e ICQl Sidd4dl ICE At e, H<d

EE Az BE B4 AEES o] ICE T3 99 A 5o AIN #09] o9
o7 a9 R EEyE FERE AT B9 27V T 55V AYRSE 2t glo] 4l
W

A FAlo] JhsslH, ofl a1¥2 AAHE Sig44l IC 32w 2

VCC 3.3V VCC 51 vl @ ] e

U7 eno1[ ]
\VDD1 | VDD2 | 16

TRAGS TRAG5 4.1 > H

1 I
o ANt | BOUT! e :
Xd 4 13 TXDA! o
e M e S R FA
T, 6 IV b
X—7 AOUTE | BIM 15X w > e Ht
7 10 XMITR
VCC_3.3V|—2 EN1 EN2 ‘15—NCC-5V1 e F [
5] ONDT | GND2 g rovr 10!
GND1 | GND2 - f
| SBHSOT e
e ?3 G Sindai [Jannz
< EA HA = > < SI8441 UF E5xE >

AW LCD Fo € P Eat

1=}
o
Ao, oA A

Sglo] 7hestH, 2 Wire2 AZ2¥H Hd 12km7kA S48 5 Utk ofeff 17
g e} Aol 7 4 U JAELE RS-232 3 RE9} 9Bt FAlo]
53 RS-485 3|22 bl v

- 198 -




P
U4
13 12 RXDI °
s RIN  RIOUT (5
%—R2N  R200T —X 0
TXD1 I
1(1] TIN  Ti0UT ;4 )
X——T2N  T20UT +—X
o
c3 | [104 i
ca_[[10a___4 g; 0
Co-  veot & jvecsv J—_ RS232
15 =
V+ VSS1
V-
C5 C6 MAX232 VCC_5V

C22
104

< RS-232 3 & >

Rl e

|
s | e
i —
L
3 bW
WWZ%W‘W — TR
W—mmi—lmm

DSTAITS

v
0 -

< RS-485 3 =& >

FoAlA Al2s"le] AlA b

vl

HEE A2

=l

T

f— 4

—O0—o—a-—o

—O—o—a-—o

—o—o—o-o

< Main PCB 3 2% >

Main PCB 2D 3|2%E uvlgo g HF A #o| UA F718 o2 Main PCB °olE<9 3D

AAE Al on, o= AAtor FEE= wdA AT i AAFe oF o

TAHES

AR o]

2heks)7]

el AEAdE asislon, FHAHe AAE nlgom

Main PCB A #S @58yt ofgl28<S PCB 3D AA: 2 HZA %% Main PCBE

e o gl

- 199 -




< Main PCB °¢}E49 3D >

AE >

]

< Main PCB #

Bl

1.

o

e @

< El o
— 1 =

| Wl HEEY A

&

Z]
&

[

[

w
[
]
[}
]
&

- 200 -



foig
=

LCD A}F-&-=#F Q1 7 9]
AR AWRE Upow ALgx7E B gJA 23

=

.

J

S

EE Azdle] Ao w
=

Ao

al

sl

5

< N
< Ho
]ﬂﬁﬂmo 3
< o
W R o
R DX R
W X %o 3
.M.Moﬂ ol
1_.‘o|,|a uru
AOy,A %0
o < = e
e . ~
e B Nz
— < <
A G < < <
ﬂ,m_l\ML.o " = T
< wrow X
Moo ® o R0 o A b
”W_.o\l._l__/l © — ok
o =1 o T B X
<9 K &Ko X ~
7 o o o X
a %o T <
T IR N o L
o= AR o X <
O < 1Ho o — — T |
X o Woo— | W < < 2o oo
o ° A=A =) ~|
I o< ~ utmxﬂ
T oRoo% Lo i o g v T
< B
Nroﬂﬁ_ﬂutwwc.ﬂ%%xﬂﬁélw
7 Mo Mo T e %O T A o TF Mo o To ,WL
Eoplaﬁzn_anMﬂuﬂuﬂuﬂﬂﬂu_
P, QXBEBEFFE B F
B s s <l Admd T

- 201 -




g Al A

<
22|

= A0
b B Y
4

~
=

£5) A% 0.00 T 60.00 A7

o

A
7] %

<
<

<
B

g B Ao

\

»AO
‘mo
N
-

~
o)

o

—_

=

>
>
=
T
[V
1H
ol
e
>
-
= =
v

Al = Aol (YA EF 32 - ON, OFF)

=
it

4"B. 5 Ao H

- 202 -



il
Tl
X
z
H
ol
S
3

L oAA Sk B 01% @9

Y F - 22 AA FH BAY 01= &9

o}

==

3.

ojatd

b

S

152 A4

e

)

b2

7] Ao

25,0504 AA L 265004 AR

6. 7k Al

T

=K

W 282

3

022 A7

AA2

i

28.0%, # Ao

=
R =

|

Az - EX) 9

o
o A AX 3L 28004 7

2

8.

Ly
i

s AA - A Fo] o

A.

- 203 -



Hel  £SHo M

= 25.0&, €3] d|of HX}E 152 €3
5.0=0{|A& FHX|3 26.50|A 7HE

I &S7|51E2E 0|5t BL 27|

> S| 7S = SIEHEX|HAIZE

4500

3000

21081

259607

— AG00

- 204 -




om, & 7lafdel Alzd

]
—_

bol AL 9]t

CEER L

Tz 9

el

B

)

R

il

o

Hl =gy &

11'17'4'5‘

]

7}

il

H|
il

i

itil

A, H S0 HE EA R HOE 24 UCE

Eall

4 10" LCD

- 205 -



ol
A

=

U AL

1T
2. 3.4 5 6 7. AEHF
BE=

o O =H

A DTt HESL

B. AH2rdlAd

C DI-De EE

D. RIEE
EFG H L K 222fo]
L

Pl
M.

s =dE

ojj¢e, H FE, WH[1, MiH]2, == KHEH
ZEE FE JFEE (2200 54)

HUHESZ COj= HitE

AlATE HO] 3

>+

AP RS2 712 A =E

op pEm me

Thet TO &t B HE TIEE

£x, ofb]q, g2, S QIHE] LED, Pl E HEH 0 290]

12v Tl ==
==

TlaE EYro=es

< RFEHA AAG W FHE >

- 206 -




it

=

ol
ofF

mn
i

U

U
i

4. Sensor HEELD]

|
PT100 M 1, 2

SHT - 11

== A4

G 7.

- 207 -



O Plasmonics AlAl 7]9F A A|ZF vlol g~ HAE A"V 7

(Ag/TiO2 core shell A& = gA)

_ ;jl—/%] XH-‘EJ"-
Aol glo] FAdol AL AlFES Aldrich AF®F Duksan AROllAl TS 8lef A}
|35k th wkgol A& &= Aldrich A} A< AE-3FS

- Ag/TiO2 core shell &4
2oATe FAE 1,000 mL o] FAA REEZRE o] &Skt 7] REEERY X+ 3
0C= xnAsle] Adsgdet. &2 AFE%+= 2-propanolsS 400mL %3 TTIP 9

AmL
Yol ol E3 gdo] SojodE whERE 30T ALdA 1587F wHkAl A =)
ojluf W &%= 300rpmoE A ST
AgNO3E 10.18mL Yo HH3 &F&do] FH7istar 308 &< wdt & DMFE

[e)
200mL #H7}ate] Ao 158 Fot Wk Aj7it) o] uj DMF% 2-propanol®] H|&-9]
%ol %101‘/}71] E]‘:P wHE & E3tg e BFI]E o] 835to] R0TAA 2

AZEESE AL
9 ¢ Heow £E/} Wod @A Wy UL Bl AHE 9@ @A
golow vehdth 24 gole [PAS o &dke] AFare] Fulatart.

L
BN
ol

2
41 2

core shell &4 F sol> 120TC 2423t &<k A7)0l A Ptk dx¥ core
shell & "ApAEES- o] 8-3Fo] E 33} 4L, core shell &#-S 9+ 5}
core shell %< sus mesholl F® 32 (Spray HA1S ) E) lOOmL«] o eF& 8w
of ¥4 10gS H7betdch E3d" g92 HoF7] Yl paste mixer (PDM-300,
DAE HWA TECH, Korea)Z ©]&3te] 1250 rpme &£ == 1A%t 5<¢F mixing 3t

tt.

Ol

- 208 -




2-Propanol TTIF
{400mL) {9.4mlL}

Stirring for 13 minin 30°%C

AZNO3
{10.18mL)

[ Stirrine for 15 minin 30 %C

DMF
(100mL)}

Haat at B0 stirnngfor 2 h

Stirring vntil is room tempemturs

< Ag/TiO2 core shell 3%

oL
fd
)
o
V

o
Ag-............NM Dl = 04<

DviF

] ]

A A

< T8 Ag/Ti02 Zol-d vx ¢zte] A% >

- 209 -




O
M
1%

o

E-SEM

AT = F 74 meshE AbEsto]l s® AT Skolo] FEje] sus meshet F
AX P9 sus meshE AF&3FAth (9Fo]o] el meshE susl, F¥ X FH 9
meshs sus2® WG TH) 29 32 susl (a, o) sus2 (b, d)o] EHI} @A tilting
olmjxolt}, susle] ¢Folo] Feo] H]3] sus2e] FZHE FE/t o FEFFS FAT

AT,

=

< susl (a, ¢)3 sus2 (b, d)o] ®xHI} @ tilting o7 A >

P B Ao A E Ag/TiO2 core shell®] 18]S FE-SEM ©]n]A] o]
o} T+ FH 9 core shello]W, 2 =7]&= ¢F 790nm A Eo]t}. susol core shello] Z+ F
2 s g 4 9k

ofgfo] 198 susl sus29] primer =¥ F Ag/TiO2 core shell 8 FE-SEM ©]
nlzjolt}, susl? sus29] ®WH oA E FRIeH Ag/TiO2 core shelle] Z 2ty of
AHHS FAg 5 o} T3 suslol HE sus27F ©] FFSH7] wlEol sus EHo|
Ag/TiO2 core shello] B ®& o] H2d Hoz Aztxw 1o uwe} &g} E3t
O & 2327 e Aow AztE

i

[¢]

- 210 -




1 1 1 1
10.0kV 9.7mm x50.0k 1.00um

< susl¥ sus29] primer Z® $ core shell &

o
=5
=)
=

=
o
o
=
N
Vv

10U 11 Seren 0150k

< susl (a, ) sus2 (b, d)¢] primer & $ core shell Z8 %™ Auj& oln|x >

T~

O PLASMONICS Y= 3 A=
A= Aol M= vlo] LA E AAE] flsiA Au YieT2E Glass 7137
Aate] wio] L AA & A xstolof gt ol& 9t Au Ui T AAE 9T A3
< AAstAT Audl Yx FF AlelE S8 Aug Glass 7]l E-beam
S 523 % RTA(Rapid thermal annealing
of Y= 7% AojE AAEATH

o N

system)S o] &3lo] X E AA

- 211 -




00KV HEDOD . WOETmm  1nm

kY MS0000  WDEBmm  100hm CPMD

< Au 10nm =¥ Ay >

0 1008

12 AdE Age] U= T2 Aol AxE EYE o] A9

\

]
= =
ot S2S AAEg L, Ay LEE 400CE nAEe] Y TRE #Hs
o 1

f

g

rob

A Au®l F7E bnm, 10nm= ZH2} 5
Nx= ol A= A8

Aug 10nm ZHAE o] Z23E yeha doh 9ol 1ol A

10nmE 2T A5, A Aztel]l #AGo] whete] Jej= S
B ATl A Azt sk v gEol ARl &

rlr

aF3lat, o

6 WIOKY - XEGO00 WD B Tmm

REE000 WD 8 Sewn

pam

- 212 -



75,000 - WOUE Sinni - T0rime 2 SE} 00V X500 WOGS
(a) bnm 2, A8 oA L&

RBES

» 4 -
G 000w T !ll'l_l'mn.

(b) bnm S 2, 10237 €A

:;'J,.

AL P AR

(¢) bnm =2, 30%7F 93 g

- 213 -




BEM, SE¥

4.
)

N
(e) 5nm =2, 90x7+F A€

< GAY A WE Au Y= X HE >

& Fokel o owske etk S F= x9el rms ol 2wy PEE =
o] ofFojxon, @Al Azt wet Au v AARREe] Aol o] FoH v Fx
BI7E ol Foid e o9l & = A9tk aEy Ag v 4R FJHE ol FA Rete] v
LANE o ARES ol it

o] das ngor & AgNEE Feke] AlxstaAt shs Au v R Al A
d& AASh Au Y= 7

- 214 -




(B I,
10,08 10, Bevirn x 100K S00mm 100N 10 daniny = 1008 S00rm

(a) 350C (b) 400T

(R
100KV 10 3 2 100k i 100K 10, 2roen 100k

(c) 450C (d) 500C

10108 10 B %100k P Y et 100 T i S0k : . 00mm
(e) 550C (f) 600C
< dAP 2% WE Au Y= FF WH3F >

Au Yh uhte 05nm SR F AA Lxd wE AdE etk 9o A
oA E F gEol, Au the FRE Aud TV Fo@ 22 Agsgon, dxe

250 wEl Au Y dAE ARl Aoje] g ®3yF YEls 350TC e A, dA
o] A7I7F B+t InmAB == YEwon, dAg 2x7t 7 g5 1 A77F kst
o] 600C2 4% °F 10720nme] Au W= F27F vErTh ey 919 2dd = Au

- 215 -




Ui %9 A7]7F dAsHA ol mlo] 4l =2
7F A A UEhA gGor R T Ao @ dAY 2%
Alojetaar A3-s AAskAT

Au®l A3 JAF AoE At dAF ol Fe A
FAZ 05nmol A InmE Z7HA1ZH o, 938 &
ol A 600=7FA] ZFz+ 3]

-1

1 1 ) ] ] L) ] 1 ] i
10,0k 10 3rmm =100k

(a) 350C (b) 400C

F .3 . i ] I ' i 1 I 1 ] i I
TO0EV 10, Crnm = 100k

£00nm 10,0kV 10 3mim %100k s e
(c) 450°C

(d) 500C

100N 10 2ram w100k

i i 1 1 ] i | i
10,06V 10 men x 100k

(e) 550C (f) 600C

< EAY x4 HAs mE Au U= Fx W3 >

i Tk e St SOy e L R
10,06V, 10 2w T00K B0

o T

b e )
B00nm

145
G00nm

- 216 -



400°C ol A

1
T

b QASA Eow, Qxte] 2]

3} A7
JEo® 257}

o

?]‘_

Z7}el 9]
A2kl A7]7}
o] el

= €A =%9

UERH AT ©]

=
=

g3 gt

3

Aok Y 9

SJ_

A g

7h8ke]

=
°©

s 25 3

7] T3 4507 ol A H-E]

AR, A Au Inme]

ﬁ;

=
=

o =
S g

s
tae o by ol

5]

=
L

E

b2

a4

400C ol A

el
=

j=1a=13
- 1

P
T

foid
=

A

=
=

PRRSv

A%

E-beam evaporator&

]

2 nmE

=

vl alk
o] Rapid Thermal Annealing(RTA) %

tiet. BK7 71 flol &

5

o] -&3te] 600%E oA 2

=] =
Al=

ko3
T

o

o

el Si02 10 nm

S

&

141 PECVD & o]

& A 37 A9

¢

o A

3T
It

=13
)

el

No

- 217 -



Au particles

Glass [

Au

Glass [

SiO2

4

NH, NH, NH, NH, NH, NH,

'
%E sﬁ?z NH, NE?NHS?NHE

-

< PRRSv 54 H A &8 4 >

HETHEHLE Si02 Folvh. wepA dRkA <l Au 7]
o] FFERAVIE dAlstoof gt 2 Aol A=
oz olE tAlstdth. A7 %017}7] of kA
Coupling buffers ®wr&EojoF sh=d], 3-9d-3A] wh&o] Udojrt= pHE 334 LA
at7] $1gkelth. PBS-EDTA (50 mM Phosphate, 0.15 M NaCl, 10 mM EDTA, pH 7.2)
95 ALgstE=, PBS pack (Product. 28372)& AM8-3tal EDTAE 10 mMe] s&E=
A7r@ ot EDTA= pH 80 ol/delA =7] witel NaOHE A&eiM pHE =43 F
oA ALE-EHT

9ol 2L (1) ¥ Zo] ofnw71E A7 984+ Aminosilane Reagent’} Z &

sk d], o] ¢35 3-Aminopropyltriethoxysilane (Product No. 80370) & <& o} A =3}

9 B4 Bl Az MM
QAMANA BEFE A
Si02 & #EWl ofv 7] & 35’3

%1

nol' FH 1o,

- 218 -




49:1 = A ste] AREETE 30 sec FF ofAlE EF AN HIHGIF ofMESLR FE
3| A A3l & 375 wEETh

2TAIZ  crosslinker2 AMEE & wEon =g A orstt). o5 a1 mle
coupling buffer €] 2 mg2] crosslinker (Sulfo-SMCC) (Product No. 22322)& A}-&
sh=dl, o] &R VR Y FFer Ao writt u“:“oi/ﬂ AbgsoF gkt A AHE
SolS (1) o AAF FHo e & RTAA 127 233 & Coupling buffer® Al
Z gk},

39AI= AntibodyE AA ol F-2et7] Sl Dok Agoltt. WS F 7HAIF e
4], WA Partially Reduce AntibodyS H2HA|7]+= WH S A3},

4 mg?] Antibody(IgG)ZS 475 pl 2] coupling buffero] 43+

6 mg ¢ Reducing Agent(2-Mercaptoethylamine (2-MEA) (Product No. 20408))<

100 € 2] coupling bufferel] 49+

50 w0 ¢ Reducing agent &3 H-& (2)¢] 450 wd antibody &3tHel| 4=

7= 90w3F a2 E.

AGA= st AAMFo| 3eACNA RHEoE antibody S-S F2A 7= X—}‘ﬂ o]
o} W antibody £ doz H2 & 2
buffer®2 AW+ 2SS AX=d, 2o detEX &S antibodyE AAMNFT= 9
= gt} o] %o EW-S blowing § of Al&3td Hr},

Ao AFE3HA] &2 antibody F-2He AlAH-2 0.02% 9 sodium azide &
HA Baetd e ®madd 5 Qo

2

O & Y U} 7]vke] AR A #e] 2 A3}
olgfe] 1S 2 nm Futo] =2y 3 mH —% RTA 600 ZoA 28%< 7143t
o] SEM o]|nA S HojFErl FHol ?

[e)
2 B 5 vk

- 1] 1 1 1 ] 1 1 ]
100KV 3.5mm x50.0k 1.00um 10.0EV 9.5mm x 100k

< RTA 600%=1A 7td8 = v d#ke] SEMelvA >

- 219 -




shele] e AZE Fe ngor EW FT2E ¥ 2AS @ Aotk HHd
FAE & Y gA FHEd FW ZgREo] AL FA|uE "ol A HuAl HE g
2 Zrol MR A @itk wekA olF B AT Ao Si02 s FHe
WA T AaE Bkt
Channel 1 Graph Chanmel 2 Graph
; i
g i . = ]
20000 S0 EO000 o 2000 40000 s
SFR Angla [RL] SPR Angle AL
Channel Infarmation Configuration
Measuring Mode:
Channel 1! Channel & & Scanning SPRArgle
£ Meauiaring Iviensily al Beed angle
Start ¥ fods >3 0 Start X fels 33 0 Threshobd: Ch1 0900000 Ch2 0900000
Starh ¥ Audin 33 20 Start ¥ fodig b3 420
End X foclz > GO0 End X Axie »» 600 Grabhing: [ Smn 'I Stap
End % fodis 2> G0 End ' fodis »> 460 Rel Ch.: & Channell & CRARRT
< SPR ¥z #H&= Ay 23 >
obelel 1Ye F v A Evlel Si02 Weh 7H7E 50 nm, 100 nm F A 5o
SEMelm A o]tk & b 47} Si022 "olA ¥ o FA9YS B 5 vk vt
A2 FHo A FHo] WAl x] goma 78 99 o] Fwzto] AR YERA 9
S A% AT S AT we] muel F e AN F o FHzel dojd &
9l Wherg Foorgitt

[l et R ] DY L ) i

1
1008V 9.4mm =x50.0k 1.00um 10.0kV 9. 4mm =100k

< = Yx A 194 Si02 50 nm F2H¢] SEMe| A >

- 220 -




T Y=g ol&
@49l =2 30 nm 7}A
| Au 10 nm%

< 10 nm

Channcl | Gragh

J s

P

w00

ot ] RO
SPH e T
Chanicl Inlaimation
Channel 13 Channed 7

Snart 3 fods 33 0
SEart Y Aaddw ¥y 30

Tiwit 3 Axdan ¥ 0
St Y Aoy 33 ABD

o

ST AT
EFF Engle LI
Configaratan
Mepturing Made:
f Jeasalng RFY &
™ Mes g IniEneny & fi=Eed m

Thieifald: Chl 0964000 Ch2 05990000

End fedn 3> 08 End Mo »2 BOD Grabblng: |t | sap |
End Y Aodia 25 &0 End ¥ Axis ¥ 460 Rel Ch.:  F Chanmr " Charmrel 7
Channed | Gragh Chaiasl 2 Giaph
oE 0%
= 1] E - !‘I
000 & R0 0 20000 &£000 o0
SFF e L SFR A IR
Chiannel Filirmatinn Cariligeir 5an
Mrnyaring Modr;
Chesnael 1 Chssael 21 & Sgssaing SPR Angle

et M bode 2> 0

Staat ¥ Modu 3> 20
Einedl & Afz 53 600
el v fucls 32 g0

< Si02 50 nm¢} 100 nmol th3a SPR ¥ =

g AA A EH

F7b F3T 79

Saacl M dods 33 0

Saet ¥ Al 3 420
Ead ¥ Bl 33 BOD
Emdd W Aty 22 AGD

=
F7h 53

7 Mesiuriag Iniemity ol fixcd angle
Thecdhald: Chl BOSE4RE (A2 D.056TF]

b | P L

Ael. Ch. 2 & Chansel | T Chasae] 2

28 IS dor|7] 9 Yo
&) Btk 19 10 F U
SEM ©|H| A& HofF

- 221 -




'S

10.0k\ 8 8Bmim x50.0k

olelel 2he A%E Aol B Bep=E FW 54 A% Avolth, FYztel 2
Al YGERUA = AR 40000 RU o] /de] & ZtollA AAk a9 a7 Ueves A4S B
AFTh WA RHEY Au 5 FAE £ 9 744 & 87t

Channel 1 Graph Channel ? Graph

| -
1'5"_‘ 1.5
1 T G 1
K 20000 20000 o000 ) 20000 ADONE: B000
SPF dngle [EU| SFA Angie FILT)
Channel Information Configuration
Meanuring Mode:
Channel 1; Channel 2; w eamning BHH ARl
i Menuaring InfenpiPy ol Eood sl

Slart X fode 2> 0 Stant X fods 3> 0 Threshold: Chl 0800000 Ch? 0927388

Start ¥ Axia > 20 Start ¥ fods »> 420

End ¥ Asds 2> GO0 End ¥ Axls »» BOD Giralbibing: fitnrt Stop

End % Axisg »» [H] End % fxds »» 4GD Rel. Ch ¢ = Clummned 1 C Chimiael 2

< SPR ¥=a A& A% 24 >

obefel a@e F vbw Ak Ewlel F w20 nmE F/bHo2 FHE P SEM
oA g welFEth ole] whe ¥ A S APk

- 222 -




100KV 8.5mim »50.0k

< #F Yx 9z ZHo| Au 20 nm =%e] SEMolun A >

o)
H
X
[\
S
()
()
(@)
=
c
4
rl
-3
>,
ol
oX,
il
rlo
i
4

o SR 3]
A

Channel 1 Graph Channel 2 Graph
1 §om
S N =gl i
= 8 e -
e b
D5 L
0 20000 0000 BOEN0 { 20000 40000 £0000
SFF Anghe [HL| SFF Aregle [RLI)
Channal Infarmation Conflguration
Measuring Mode:
Channel 1; Channel 2; & Scanning SPH-Angle
I'_ LT III.||I|'!'I I'lI 1 FEsE i savygl
Start X Axis 3> 0 Start ¥ Awin 33 O Threshold: Ch1 0570616  Ch? 0592166
Stant % dsds ¥ 20 Stan Y focis »> 420
End ¥ Aocls > GO0 End ¥ Axis 3> GO Grabbing: | St | Stop
End ¥ Axis 3> B0 End " fcls 2> 4R Ael Ch.: & Channel | 7 Chaneial 2

ofefel a®E = 4

g =0l A7) AL B 4 9 = Hhy 5
A E9e Fol F4-3A wgol me FW AR S/ E ERE B 5
0]
AR

- 223 -




gl
10,0k 9.4mm 50,0k 1.00um 10,06V 9.4mm x 100k

< 7 Ux 9x W] Au 30 nm =< SEMolu A >

olglel 77 Wl W WA} 24000 RU 2ol d4€e % 4 9l 93 54
© old Astel Hsl F o WHIA ehts AL A3 F Qoh wekA 2o F o
2 30 nm S-S 7RO R sto] WS WS Etr] 9% Si02 S-S skt
Channel 1 Graph Channel 2 Graph
14 .
S — 8
= s \H ;..f’ =R
1] R l.IIIIZI] B ] :II;III IIIIIZI] 731 1F]
SPA Aurgis AL SFA A AL
Channel Information Configuration
Measuring Mode:
Channel 1: Channel 2 = Seannlng SPR Angl
e sauring Istenning ol B wngk
Sant s Ada - Start X fxis 3> 0 Thresheld: Chl 0.397185 Chi (L401976
Start ¥ Axis >3 20 Start ¥ fods 33 420
Emid ¥ fadis »> BOO End ¥ Axin >» GOD Grabhing: art Sop
End ¥ Axis 35 B0 End ¥ fods 3% 480 Reb Ch. 5 & Ehammt P .

< SPR ¥=2 A= A9 A >

- 224 -




(] (] ] 1 ] 1 I ] ] ] 1
1.00um

100KV 8.4mm x50.0k

< AFE ANF EW Si02 Wk F3e] SEMelr|A >

Lo

10.0KV 9. 4mm =100k

Channel 2 Graph

] 1] 1 1 L] 1 ] 1 I
S00nm

Channel 1 Geaph
1 -
§ TR
\ i
05 /-'-
1-—.1--““""
20000 40000 P
SPR dugla (AL]
Channel Information
Chanpel 1: Channel 22

Stant ¥ focis 3> 0
Start ¥ fods 3> 428

Start 2 foxiig 3> 0
Start Y Aels »x 20

i

05
6 w0 4
SR Argh FU|
Configuration
Measuring Mode:
[T Iy 4 L T |I'.|:I||"
[t EFF L o Enlenskby &t 0o il amigie

Threshald: Chl 0420889 Ch2 0.425259

o &

End ¥ Asls 3> BOO End ¥ fsdis 33 BOD Grabbing: | Sl | Swop |
End ¥ fods > gD End ¥ fxis 3> 460 Rel. Ch.: © Channnl | C Chanpel 7
< ¢ e SPR H=a A AY A7 >
O AZE AN vlolel s 24 v 54 B4
obefe] de AAE AAMFHE vitor xHel oivr]E AT v B4 A
E HoFrh =A7EE 29000 RUE 71 E AR 18] 1000 RU Ax & Z+o g o]
st AS AT 5 k. wEba Al EEel ofn Y7 & FAdHE AoE E 4 Q.

NH, NH, NH, NH, NH, NH,
el s

- 225 -




Chamnel 1 Graph

Channel # Graph

Start X Asda 33 @
Start ¥ doda ¥> 20
End ¥ fodds »» 800
End ¥ Asds > g0

]

AlAH

1l

<

1006V S3mm x50.0k

o

T

olele] 17

R R,

ofw] =717

-

R

5247

32000 RUZ 3000 RU A%

deflolm =7 & P4

€

FHol ofr 7]

::L—r’

0%
T ]
[ ELLEES
SPR Arcie AL
Chamnel Information
Chanmel 1: Chanmel 2-

Siwat ¥ focia 33 0

Sheat Y feds 33 4200
End ¥ fodks >3 GO
End % Axcle »> 4G0

K

T
1.00um

[T

05
® 20000 o s
SPH & TR
Condiguration
Measuring Mode;
i Seannlng SPF Angls
™ Megaong Isiensehy a8 led nnele

Theesholds Ch] BA46IZT  Ch? 0,431 454

Grabibdng: 1 | Flop |
A=l Ch. ! & Channel | £ Channe
SPR 97 A% 48 243 >

100KV 3.3mm 100k

- 226 -




Chamnel | Graph

Chanael ¥ Gragh

(!
R
E q"‘“-.,\\~ L
[T ﬂ'”*u,___ e
3 000 annm 00

ST dergle PRLL

Chamnel Isdormation

Chinnnel 1% Channel 22

Sinrt 3 dods 33 0 Lt ¥ fods 3 0

Bar ¥ A ¥¥ 20
End ¥ A=ie »» OO
End % Axis »» G0

shalel 1@ WA
o 2w maaA ¥

10.0KV 9. Tmm x50.0k

olzfo] 13 o]
7l 39 SPR ¥=

Siart " fodp 3 420
Ead X fade »» BOD
Emil % Exis p¥ 4ARD

S|

7] ¥4

i
100KV 8.7mm x100%

o]

Ly
o Ao ol g0
PR g iR
Configurstion
Mrazuting Madre!

" Besnning 5P Angle
7 Messuring Intensity ot fied angle

Threghobd: Chl BAEEIZ  Ch 0471459

Grabhling: S | | g |

Ael, Ch. . @ Channel 1 ™ Chasnel 7

< SPR 92 A= 48 23% >
ZHoln =5 SEMS F3te ¥ Aot ¢
X RS Gl

S500nm

Ho] Partially Reduce PRRSv 3}
PRRSv

2 534

&A= BIOSS antibodies AF<]

#2 34000 RUZ 2000 RU A= & 7o & o]
P

RRSv & A& Pt

- 227 -




2

%

N\

7 N

f

s

O

N ENHP_NE
|

=

Hz
|

2

Chansel 1 Graph

; j'

a%
I T 1 L 1
i} A 0T Bojm LR
S S ALY S e FRLL
Chianmel Il meSan Canligisatisn
En-—h-. I.lah:
Chennel 1 Chanmesel 7: arerin g BFR Ang
(el 'Y 1 Tl i ] I

oA = A 0
S2arl Y fode 23 B0

D ¥ Aoks 3> O
San v Ascdu 2> 420

Theechald: Chl BAGSERY ChZ LA9AF5A

Eaad ¥ dalp >> EDE End ¥ oalg b3 BOD Grsdding: | Swp |
End ¥ Auis 53 5B S el | e T
< AAMF gl obr=r] P4 5 SPR A HE A A9 >
otefe] 1H-& PRRSv A7t F-2Hd 3o SEMeo|wH| A o]t}
@ weol P FANAE AL FARALG

10,0k 9. 4mim %500k

3} A 7}

i
10.0kV

1, UUum S dmm x 100k

T35 el SEM oln A >

. ske] om A e} Hla S

[P TR
S00nm

- 228 -




ol g

el

ofgfle] 1¥H-& Partially Reduce A7} 2 5w HE& o]&3le] PRRSvE F+¢
o AFE WE&s AP AydE HoFErh  Ad 19 & A4 SPR ¥Aa agze
references UEI I, d 29 =A SPR ¥ 3 2 Z e AA| vlo]gj vt FHEHE A
94S yEdn 5 gz 2yE AQd 2 - Ald 19 ZAAE HoFEy voly A&
FAot7lel oA A 13 2+ 22 buffer& A

Z7F kASHA HHE, vpolg2E Afd 2= 3

VR 2332 strain A5 Ale ARSI, Fd=FS 100 pl
= BY 57 we S22 EYUtEE AAHS P
AR g =delA oL, ol W fE=
W7t vEpdt 7 A3 RU &9 gke] F71s 144 3
ol F9o] ¥yl buffer & o] Se{7HA HHWA, AAH A

A & vpole =7F AA WrkAl Aok whebA 1500% FEHE 2" E AR QS| RU
thol ol "t o] %ol 2000% F-ZHEH = AA| whgsto] AAFH ZWS 9 U=
vpol g vk FAlE T A Al AE WAl wpolel s FYA] oF 300 RUS WstE
HolA

] % 1000 =7F A v Al
§ W3tz 98] AY 29 SPR 9=
= PR

Chansel | Graph Chasned 7 Graph
- LE A<
i l |
i : - 1
o o5 i
L = =. [ = |
A Lo e & Hm i YL
PR dehe R BFF e P
LR T P T PR A T [T R T e
el s inf e Bl i
Chasnel 1 Chamel X
Start M dods 33 0 Ftart ¥ fods 32 0 Thershebd: O41 BEFE943 Db (LASSTES
Sy Al 3 20 Saart Y Bxiu 3y AP
Ead K hxis 35 BB Ead Xies 33 600 | Orobing Shoap
Ead ¥ lodi 3% BB Ead'Y hids %0 4B8 | Relohc
2800 | i
2600
2400
) L
R 2200
2000
1800
0 500 1000 1500 2000 2500

Time [sec]
< PRRSv #lol¥{~ H&E A3 >

- 229 -




ofgfo] 1 (3) W Zo] FAE AFF FFAIA dojF AFHr}E ok Sulfhydryl L
Fe A dAHoR BAANE HE HET 9 dF Ao weEs o A
bt Altgh W, Al e ok 2o

10 ml®] coupling bufferES NaOHZE o] &34 pH 8.0° & Yrst},

S0 % 4 mg? Antibody(IgG)E 475 wl ¢ pHZAH coupling bufferd] 4+

2 mg 2| Traut's Reagent (2-Iminothiolane.HCl, Product No. 26101)& 1mle] pHx=A
# coupling bufferdl] 43+=

SAl 25 pl o] Traut's Reagent &3S (2)2] antibody &3 el 4=

RTolA 453 22

ol Fd ol antibodyE Zelolv=7t ZdstdE APl FFsta SPRYAE

=4a 9.

Charde] T Gruph Channel 2 Graph

W ] |

_.-"
as et -
0 00 0 BN 0 20000 X P
SPR g IFRL TR e TRILIY
Chansel Inlonmesan Canligurstisn
rasuring Made:
Channel 1: Chanmel 2: L 1 SHPEY A
Mt o Iviraes Py oA Aocedl anigle
stttk Blant X Jods 3> 0 Theeshald: Chl BAGSEN  Ch? BA9AFSS
S2an Y focde 23 B0 Saad Y Aecdm o AP0
End ¥ fxis 23 GO0 Eeddide 33 600 || Gophbing: w | sop |
End Yot 3> 60 EmdYiods 33 460 | BebOn: F o Cheeecl | O

< antibody =4 A3} >

obele] ge Ak wA gh2® HS o] g3t PRRSvE
A8 A7%E wolgth gz Ade Ad 2 - Ad 19 2%E Bl vl

- 230 -



Qatrlol A A 13 28 2 buffer§ A4S FYst] 29L& Ak 2 o)
o} ekl W, vhele s Ald 2% F9shl HEEl, velelal PRRS-ATCC
VR 2332 strain AS5WAS ARESAAL, U2 100 pb FH8AH. E=FAe] £

29 57 el e TehEs 44990, velos 29 F 750 £ AU A
AR el £YSHA Ha, ol EWe FEFAE WelZ ods) A 29 SPR ¥=
Wb UETh T Ak RU Edgte]l 7k Rk @kel AA F7bset oAl n
ole) 2 Fglo] Euba buffer §olo] FelskAl HWA, A EWS W1 it N8

A G ol a7 AA WA dvh mEbAd 12502 FaRE =4 E gaw Qs RU

[&l -lN

O

(i

ghol ol 57 "k oo 15002 FHEHE A4 wEte] AN ¥Es i dE
polel 4%k AR 1 A oF 800 RUS WS molA Atk ol ¥A SF4F I
7 2 e Bd S

A At ] v 3] 500 RU7} o A go F5 AdgAd= 9l

0

2200}
400}
-600 |
-800 |
-1000

Ei -1200}
-1400 |
-1600 |
-1800 |

-20005 500 1000 1500 2000

Time [sec]
< Add Sulfhydryl antibody®] PRRSv nfel&i~ HE Ay >

ob#fel 1de 4 95" A A
#we] ezt o AdejAe As #dF gk

. i bl
10.0kY 9.3mm x50.08 1.00um 10.0kV 9.3mm %100k

< PRRSv #fo]& =7} F-2te 9] SEM o]w|#] >

- 231 -




PRRSv @A7b #3 @8® g olgshel =Af344grtolel s (PED whole)
28 FU59E o PRRSvEAZL Mgshen o8 st A8 4@ Azl

2o 27102 PED A5MAS FHAS o 400 secol AHH FH W] Zddlr] Al Z}
dI4 PRRSv wholgzse] w8l =LAl RUZkel Z7kskAl €tk a4 600 sech e
buffer golo] wdsldA RUgES] Hastr] Alzshzd, mdol] whgshs wholejxrt
Q7] wol WAz AAUSA Bk o]F 1000 sec7t AUpH 27| ghoE Eol o
A AAH e RURe Fol=i offi wwlel 2% 4y} kol PRRSy
A= X7} "oz vprty] wjEo 2 Heolt)

4400 : : .
4200 |
4000 |
3800 |
3600 |
3400 |
3200 |
3000 |
2800 |
2600 |
2400 L : : : : ]
0 500 1000 1500
Time [sec]

RU

< PED utole = ¢ Ao A3 >

AARE W g2 g L7 S AKITEC)A A SA 7 AR Ao yerd ol

- 232 -




Bia M

| BEMMIEEIW  mwue
EiEmeas . || P
ek Dt a0, o robom s | HOMI (1 1 E 8] Kanool
s s

476
7 ﬁ“l‘f
o S5e 2007 11,

7l '9

2. 97pastM el 8 A S (EXIEVIN SARS A B Ay A

ol gate]l A4 mug4 9 AP 9

3. BIHE SR 1 F
4. W rHEARY

6 A Sz bt vhe] 24TA)
o A% 27 115 mm x 15 mim
o A % Lea

5. M7k A © 2017 1L 15

6. Wrre

o (45« 5 1R

7. Wk
o A7

TJEd

SISAMA | S AN auy e
e B e
&
(T D62-600-5504, Fax: 062-600-6509) | MHOIX (310 & 81
A5 Surfiice
X50,000 X100,000
I Awzome
A 10
50,000 N $100.000
Au_2nme
Au20nm

PISUMI| SN Mt |
U-¥geDizlE
FUA MF EEIDIT 208V GBS
ei: 052-600-6504, Fak: 062-600-6509) | BOIKI (211 S 8]
1-1. Brpeg
W FE-SEM
o HzhER] High Vieuum ModoSchottky Fieid emissitn)
o Wrtad y
o #7pa)a) |
1-2. g7ha s |
A Suaco ]

X50,000 %10,000

Equipment Suppmi

Au_2nm

g dam

BEEMA) | S AR FilM we
wL«:}uEF I?aggg !n?ﬁ?egnl Ly L
(Tex: 062-600-6504, Fax: 062-G00-6500] | HDIH"MEBJ L A=l

et

RLO0.060

Au_Znm -
Au_30nm

%30,000 100,000

Au_2nm+
Au_j0nm+
SIO2_100m

233




EIJE It

PIMA) | SR
Li--@ge|g s

rei:

BN Bz
ERO uP yEaDlE opuy sioms) | MH17-000
el 062-600-650, Far: 062-600-65091 | WIOIXI (61 =8

SIZM M| ST HilA w2
Li--#8els08
wEAe MT 4EIE Z00v lons) 17009
[Taf: 062-600-G504, Fax: 062-600-65091 | WHOIXI (501 =8 )
A5 Susfuce
X50.000 x100.000
Au_Zime
Au30mm
Si02_10nm-
Amino
50,000 %100,000
Au2ome
Au_Bnm+ |
Si02_10nm+
Aminor [
Malcimide |
|
1
|

A

Surfuce

X50,000
Amina
Maleimides
Partially_
antibody

x100,600

SIOZ_10nm
Aminios

X000

*100.000

473 i

pEMAJ S
L 48YIaIE

FTYOL BT M 20812 6(2
mm—mmm'm—-u-%ﬁgum

| mOm (71 B6)

M 8z

NM-17-009

oora

At

Surface

X30,000

Anminos
Maleimides
Antibady

Au_Zom+
Au_30nms
SiOZ_10nm+A
mino+
Maleimicie
itibody

Virus

PR UAT | SeiAH
Lic-¥8e)|s 18
l‘ﬁnaﬂ)-l

W3 BT 00Ky sogs)  WIHTT-008
062-600-5504. Fax: 092-600-5508)

A #Z

o [81E8)

Aheoy

Surface

Nano Oxide
SFE

Nuro Oxide
2

- 234 -




Ho

)

o

3

A

gol ¥

3|
ZS|

Z A}l

Al

|

ol

N
Ho
)
o

1Ho

o

~

A A

30cmx30cme] =7 = 2

= o
2=

71438 B

M= E

=
=

T3 20cm*x20cme] =7|

o},

e

< 3abdEof AA

- 235 -



W o & o b
o ot ox

et Ao 2" @A B 5 S5l

A

=

b =
CEA R 25 ARA Bzn
o o3

= p84

ED PCB AAE A3Y35A

=

- 236 -




SCT2004

orr: ouTr2 OUT3  OUT4

ORORORO

e Current Regulator with

RixiO— Thermal Protection

Output Driver

OE

=

=

< SCT2004 Wi

VCC 24V IN

>

u7 VCC_5V
OE 2 3 L2 ?
R 7 OE ouT1 Dy
g TRext | OUT2 Pg q
759 VCCHVO———— veet § ouTs Py ' ——Cé6
GND1 T OUT4 104
SCT2004 4

< LED PCB AlA#F >

- 237 -




A28l LED PCBE #-§3ko]

< A#¥ LED PCB

obe 1 &

Akt

Mo

N
Mo

wK

< LED PCB

A e

KCLel ¢35

=
=

gk A3t

Fod Mesh W

A}3]
1ok WA Ag-TiO2 coreshello] W] H-zh=

S

= H
= 1

, TFAl Air

A

==
1o

S

]

[e}

P
T

Ag-TiO2 core-shell & &A}

Al

Y

i, F

A

—_—
fie)

Mo

- 238 -



e msraTe 0

ANEdEA

LEAAY S T2

232aR
OgHY: #3War
OF £: FFFAN =7 YSS UMW 0 (IS, 832
3. NI 2017 128 122 ~ 20181 O1H 18
4. NBYHA 85 @ BaRe
5. A E®: EOEHmIA0IS
6. AEgR

(1) 2% MALY
= e
w0 |33 mwa A EET e Subk ‘
W1 0 S%AE S NS AE ¥ AEEN aE TSN SAREW OB 833 =ERA HLD
2. 0l 4=AE 82, &, 21 % 26802 ASE + S0, BE 019 ASS 2eUC.

2018 018 18
BRALYSAANE AT

STABA : 15945 FIIS TEA BLS 149 I' VALLEYZE 8052 (031)389-9100
ZB2 : JUATEIINE 1 (061)380-9184

ANE8dEA

HAHMYS : CTI7-137772

<NT 2. GZ2 - EIOIEHERAOIES (4 h)>

--=-- 01 8 O 8 ————

& SWOIX = SHOIT

S A0P-20-01-06(5)

- 239 -



| o3k F A2 88%] AdHiss WEWAS Y, 3
3 A3 Ao A et/ DE 1Llayerd A% 99.9% <]
[e3]
AA

o PED ulol& 2~ 2347}
B A7 s SR el 2E E9ste] A3S AAstd o, FrhHow o
2 vpole] 2o ek AFS F3te] PRRSv o disfAwk wkgste= 2S sttt

20000 . 5000
ke 4000
A 3000
1500{;-——/ 2000
a ::2 1000
/I
12000 A -1000 - i
2000 1
0 500 1000 1500 0 " s00 1000 1500
Time {sec) Time (sec)
4500
“"M'N/\k\ 4200
B 3900 4
20000 s |
2 a 1300
18000 . 20004
2700-
16000 . . . . : : 2400 — . —— :
0 200 600 800 1000 1200 1400 0 600 800 1000 1200 1400
Time (sec) Time (sec)
<PED wnfoleix A3 Ax>
o A AP HAA Y
PED 9 s #Fad AA} npoje o] #3t AAS AAete] Afde we WstsE
stom, oo we Aye= WErE flel PEDE WEE 7|EF wpelg o] thE
Selectivityﬂ A== 2lste], PRRSvy EA4sld wlolglx AlA 7es FHEAFS

- 240 -




RU

26000
CH 1 2000 4
——CH 2
25000 1 .
24000 1 0
230004 E‘.’. Syigi)
22000 -2000
21000 -3000 -
20000 ; . . -4000 . . .
Time (sec) Time (sec)
<HA FRAAY AA A A
PRRSvel ®idk o2 7kA dge ddysilon, 9o Tz & 5 %ol =
oA SolatAl Watshs ol B3 AdS AAjste] o mE eAE HA3
= AYS WaAste] £A QoA AASE AH Aol PRRSvE % ate] ulold
o B4 AP Aol B F =S Assack
21500 T
CH 2
Zl[l[H]—-_
20500
=
20000 -
19500
19000 T T T
0 500 1000 1500 2000
Time (sec)
<wpolP & FYA| W RS>
0.55
—— CH 1
St —EH 2
=
£ 0.50
B |
E
£ 0.45 -
=
2 "
= 040
S
=
=
0.35 . . .
0 500 1000 1500 2000
Time (sec)
<EThEnys gy ddel o3 fE =dE W 45>

- 241 -




-500

-1000

A

-1500 4

-2000

2000

<PRRSv H}o] ¥

3ol PRRSv

T

3} A=

]
A

Aol Az Ao} 2

el

2]

il

pa—

0
L

O

0

bol wlo)e]

J|

E =
= [¢)

WA Ao}

b ek

5]

92

-
R

BIEE]

=

1200

ok
2

R

9

JJo

—~
fite)

—_
o

z9e A

Al

B
file)

T

e

il

o, 587171 AAA 90%°]

TREel A AL

;On#

- 242 -



ANEES

A CTIT-107 132

4

ANEEHA

MBS D CTI7-107132

A

FMHHI

& CFY i Colony Feeming Untt

® UEEF  WHE (Mebsials pmumonies ATCE 4352 )
R

W M : UAS-100 KT IMERCK, RE 1 100 Limin)
» ME ERlEAFRNEE]

. AT

® FIY WE * Foler Conversion Tabla AE

NEULE BN,

CRTLER DU RE R ]

AE R

N ¥R [8 5 ne |78 o us |
e | caum)
'a'":: FENABAWE) V8w 10t B0 =10

® ARDEAEY © WY RN EE S ANSSE BAUTE AR AU B0 HENL 8

=

wEEd

. |

FreL L
3}

amn ez onT
WAL (02 E L N

W

<AE 1. BZR - BLANK O 0

<N 2. 0B R - SIABLGIE) (1>

8 440P-20-01-081(5)

804500 20-01-0605)

o Zighee 718t AXE FA &4 BE /T
g 2EE Y3 7to] =AF Al2=" ks 93te] Zigbee 7]HF AlAE FA A &
' NS AAES ol FALY] g AX7|3re] BQstuE old figh J|sshEs
S AAste] BEHAEES AFgPstaat AFNES AAEA. volgla AE ARE
A ZREZFS o FAL %3 (XBEE) H Axdgom AFdr] ¢t
SCT2004 W+ &= g xS AAsvt
AzEA "o A ALEE = PColA USBE 53ate] wdAsdd FAo=z Fiz FA}

NEEEAM

HF MBS CTI7-107132

B 4H0H ® 480D

BHI0P-20-01-05(5)

- 243 -



HRO[2{A HE AlAH

| ﬁ%&lﬁ% Use %Eﬂ T | HoAIxE

< SCT2004 W &5 >

AHEHEE Fag oY
3l oAl 1gol A vhsstEs AASIAT
g o

dow HAH

B2 7k FARE A FUEEAA o2z gAY FAel AsaE
ANeth 54 AxdelA vlole M4 Zzad 4 PCE Aol
Azele s gn HaEuEe] 2 gstad gt

< 24ghz F37 A9 5 =7 PAN IDQ}CH’\X%%
3 45

o)
N5e AAE A A2 st z%—% vhrol Abgsta
0

A ok ER EHASE FARE At @ ASlE Mesh 7152 AN wiol

w9 FA717F gel® FAe Bl stk 3ol 9l

A, skolo] | TolE | sA QtElgE Azl wje ddsie] 4 gl

tElvk A-&Al JIEA A IOM o] SAle] 7hegtew o=
B EAL YR N E FiE Bl JHs FES OAle AAsn
ZigBee Mash DigiMesh
* . i e
® .I_ .......... ™ ™ @ ! @ ™
. é . . i "

< Mesh A]2=® oAl >

- 244 -




42 USB A4 442 ol gate due AQgx/} 98 YEs Axd
gov, MCUSH UARTE dlol8|& $541ste] 298] Balo] /bsstes
B2 SRR QP BAS 3w 9600 bpsE A stk

VCC 3.3V
RF1

USBRK_|!

VCC_5V_USB ~TUSBTX | g
Q Ut4 C28

8 105 Z4

1 71 VBUS  DCD 25X ysB RX X5

7 NU1 7] Vreg RXD USETX X6

D+ XD DR F X7

N2 DTR X8

NU3 D- DSR 157X RTs %19

VDD RIS {53 10

J_ o33 X—9qRST €T 15X X1

729 SUs RIT5—X N X1 12

TCATUFMOV x—={sus  vss F %13

X1 14

CP2701 4 s

V X116

F F X417

X118

%119

VCC_5V_USB U39 VCC_3.3V X 20

NCP1117/33V
SN Qour 2
4
)

C55-~C56
104 | EC220uFI63V
F

< USB TO XBEE 3|2% >

- 245 -




Performance

IndoorfUrban Range Ug to 100 £ (30 m) Up to 300 fi. (20 m), up to 200 ft (60 m) International
variant
Up to 1 mile (1600 m), up to 2500 ft (750 m)

Outcoor RF line-of-sight Range Up 1o 300 1t (20 m) 2t e bt

[ Transmit Power Output | ‘63mw (18dBm)"

{software selectable} 4Bm) 10m\W (10 dBm) for International vanant
RF Data Rate 2 ) bps 25 C’UUVD'ps

Senal Interface Data Rate 1200 bps - 250 Kbps 1200 bps - 250 kops

{software selectable} {non-standard baud rates also supported) {non-standard baud rates also supported)
Receiver Sensitivity -92 dBm (1% packet error rate) -100 dBm (1% packet error raie)

Power Requirements

Supply Voliage 28-34V 28-34V

250maA (@33
Transmit Current (peak) 45mA (@33 V) RPSMA module only
nternational vanant]

150mA far international variant)
1 340mA (@3.3 V) (180mA for

“Idie / Receive Current (typical) [soma @33y [ssma(@asv)
| Power-down Current <50 A | <s0pa

General

Operating Freguency [1em 24 GHz [1em2.a GHz
[ Dimensions | 0.980" x 1.087" (2.438cm x 2 78 1em) | 00807 % 1 207" (2.438cm x 3.294cm)
“Operating Temperature | =20 10 85° € {inoustrial |20 10 85° © (inaustral)
P P— gc?‘grr::[e;u p. Chip, U.FI Gonnector, RESMA bl Integratied whip. €, U.F) Garnecior, RPSVA
Networking & Security i

Supperted Network Topologies | Point-to-point, Point-to-multipoint & Peer-to-peer

Number of Channels 16 Direct Sequence Channels 12 Direct Sequence Channels

{software selectable)

.-'\::ress-ngiGDnms PAN ID, Channel and Addresses 'PAN |D, Channet and Adcresses

Agency Approvais

United States (FCC Part 15.247) | OUR-XBEE [ our-xasePRO

Industry Canada (IC} 42144 X8EE 4214A XBEEPRO

Europe (CE} ETSI ETSI (Max. 10 dBm transmit power output)”
Japan RIOIWWOT215214 DR:iDPHE:I_'l:\'0621511' {Max. 10-dBm transmit power
Austraiia | e-Tiek | e-Tick

< DIGI-XBEE &4 >

Aol T = g Aol FAF el = 90me] FAAZE THAH, SARe]F-9

735~ 1600m 2]

AAYE 7RI, Fae= ISM 24GHzY F3k5 & AR&ste] =

=
[¢)
AR Q] el A 5 S AL Al Elel A gskaab jht

Zigbee Bluetooth Wi-Fi NFC

=
12
||

20, 40

1.0 MBit/s 11, 54 MBit/s 424 KBit/s
250KBit/s

~ 100m ~ 10m ~ 100m T 02 m

[e) (e}
ol 9-4 & =3r =

a
dlo

l:in 11 l:in L1

Ad-hoc Ad-hoc Point to hub Point to hub
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[ ASCII HE =T A 271(Read)
o 2 ASCIl TYFE = EH(Environment )
s 3 ASCI i1 1
& [ Ascll jojE] 7 IDC123) (0~1399)
5 ASCII ojo]El 3
5 HEX ETx 0x03 = BX
7 HEX Chk 7 SheEixE OEEE 0x02 01F 0x04 B& 0x0301H 0:05E B E
A B - ATU
i HEX STX 0x02 E=
1 ASCI ZE=Es A SE{Answer)
2 ASCI TYPE E ZHE(Environment }
3 ASCI =] 1 ]
[ ASCI fHE] 2 1D{123) (0-189)
= 5 ASCI fE] 3
=8 3 ASCII 35 . T
7 ASCI oolE a
g igg:: 3}2:: g e (0000 - T &, 0001 - HE)
10 ASCII EEE] a
20 HEX ET® k03 = Ex
21 HEX Chk 7 Ste-EtxZ CIEHE 002 01Y 0x04 BE 0x030|0 0=055 BE

PRRSV VIRUS

Transmission
Device

< Zighee 7|RF AAME Fd F4 E >

F%4 PRRSv & Al =¥
g 7t PRRSv & Al=gle dlold2E AZEste sidste
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Hho|2{2
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< #2444 shd >
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HH AEE ATe ®AISAL, PRASZHA 29 ARbe A A 45, dxE 4
Al kol FAISHA] kAl A g ekl

©= Add HZE5+= PRRSvel ek 22 &S Bolmozm, A Addd i
PRRSv AEE & 5 A A8t

o XEEFH
&4 | TYPE = o W& H) 2
dole &
0 |ASCII| A% & | PR AL
1 | ASCII Hlo] g 0 | mFolel = A= A 0: AAF 1 wolg~ A=
2 |ASCI| €5 <A | g a3t
o Y F A~

#region Virus_Inspection

private void Virus_Inspection(string list)

{
mng.chk_list = Array.IndexOf(mng.StreamList, list);

double Min = MinAVG;

double Base = base_data_avg;
bool Minus = false;

if (MinAVG < 0 && base_data_avg < 0)

{
Min = MinAVG # (-1);
Base = base_data_avg * (-1);
Minus = true;

}

bool chk = false;
if (Minus)
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if ((Min - Base) < -500) chk = true;

}

else

{
if (Min - Base) > 500) chk = true;

}

if(chk)

{
mng.chk_list = Array.IndexOf(mng.StreamList, list);
mng.virus_chk_time [mng.chk_list] = mng.virus_detection.Last();
mng.virus_chk_msg[mng.chk_list] = "H}o]g] =~ #H=";
return;

}

mng.chk_list = Array.IndexOf(mng.StreamList, list);

mng.virus_chk_msg[mng.chk_list] = "&AAH";
}
#endregion
< PRRSv #& <9 & >
- FPAEA dags

{

public class SetupControl : Singleton<SetupControl>

/@A RO dejEal = AR 7 L7

private string Folder = AppDomain.CurrentDomain.BaseDirectory;

ESREE

private string FilePath = null;

[/ AT Atel= (F4)
private int Size = 255;

/A% A%

public Config Setting = new Config();

public class 24

{

public class Section

{
public const string SERIAL = "A]g]d E21"
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public class Key

{
// Serial
public const string CH = "x1g";

public class Config
{
public string CH = null;

public string Combine(string Target, string Key)
{

return Target + "." + Key;

public SetupControl()
{

InitializeComponent();

public void InitializeComponent()

{
/] AE AH
Path();

if (Read(*! 4 .Section.SERIAL, 474 . Key.CH).Length == 0)
{
Write("2 4 .Section.SERIAL, 47 Key.CH, "COM1");

/] % EE97]
Load();

public void Load(string section = null)

{
Setting.CH = Read(*d A .Section.SERIAL, 24 . Key.CH);

public void Path(string _FilePath = "Config.ini")
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FilePath = Folder + _FilePath;

public void Write(string Section, string Key, string Value)

{

WritePrivateProfileString(Section, Key, Value, FilePath);

public string Read(string Section, string Key)

{

StringBuilder temp = new StringBuilder();
int ret = GetPrivateProfileString(Section, Key, "", temp, Size, FilePath);

return temp.ToString();

public void SETTING_SERIAL(string ch)

{

Write(* 4 .Section.SERIAL, 44 .Key.CH, ch);
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2 AFHA FPAT= AFAIAME EUE AHFY 5SS =EFS7] st FAA
71dANA AlFS Ao, St ALY S A (KITECH), st A4 A3 A g A+
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In this scudy. we exploit local surface plasmon resonance (LSPR) In order to Improve the efciency of

iLlized solar cells (DSSCs:

o orer-to nvestizate the effcet of LSPR, Agnanapart
ent: sizes were varied by changing the annealing fime

Ag nanoparticics onto a TiO. thin film. Finally, TiO nanoparticles were layered onto the Ag nanoparticles

via a titanium retra isopropoxide (TTIP) treatment.

This study used nanoparticle coated TiO» thin films as phoroelectrodes. and manufacrured the cell in
of the DSSCs. We compared the behavior of the electrical prop:
presence or absence of Ag nanoparticles, as well as on the ze. Th
atfect dye adsorprion hecause fhe confent of Ag par

les of several sizes were Formed using electro-
DNSCs were fabricated by coating

ies of DSSCs depending un the
did not
2 in

e Az
ites 1a very Tove (11155 compared fo that 1 1

od.
DSSCs with LSPR showed increased electric current density compared to those withour LSPR. and
FIS

v (1) by 24%.

The current density of the DSSCs increased because the light absorption of the dye increased. Therefore,

we determined that LSPR affects the elect

Introduction

The local surface plasmon resonance (1SPR) of meral nanopar-
ticles is becoming an important area of study, along with its
application to surface-enhanced Raman spectrophotom 1l
optical antennas|2 |, and TiO, photocatalysts | 3 |. When light excites
LSPR on the surface of a metal nanoparticle. the radiated light is
scattered and absorbed on the particle surface, and an evanes

cent wave wirh a srrong electromagneric field is generared [4]. The
evanescent wave is not propagared, but rarher is localized on rhe
nanoparticle surface, and remains at a distance from the surface
less than the diameter of the nanoparticle.

LSPR effects enhance optical phenomena such as Raman scat-
tering and light absorption. The level of enhancement strongly
depends on paramerers such as rhe diclectric consrant, disrance,
particle size, particle shape, and light wavelength, and thus depends
on the combination of the materials and the surface state |57 |.
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leoprtre.lr (H.-C. K1), Rbgu@ch onnanm.ac.ke (HL.28, Gu).

BEEp: ([ doiora/10.101 b/LAPsUSC.201 7.04.25 4
0169-4332/@ 2017 Pulilished by Elsevie BV,

M. Y. jung et al / Applicd Surface Science 432 (2015) 266 271

metal nanopdrticles and thereby enhancing the light absorption
force of the dye in rhe visible range of wavelengrhs [22.23]. How
cver, provious researchers showed rhar if meral nanoparticles were
added to a DSSC, the efficiency decreased, which was attributable
to the reduced surface area for light absorption due to the oxide
semiconductors contacting the dye molecules directly [24].

n this study. we formed silver (Ag) thin films with E-beam
equipment onro TiO, rhin films, which are used as phoraelec-
trodes to improve the performance of DSSCs. The DSSCs were then
manufactured using changes to the annealing time to form round
nanoparticles of various sizes. By forming the Ag nanoparticles on
the TiO> thin film. we were able to analyze the energy rransfer that
occurs berween light absorbing dye molecules. By doing so. cthis
study investigated the mechanism hy which Ag nanopart
affects DSSC performance.

2. Experimental
e TiO> used in this work was synthesized by the sol-gel
method: 147 mL of TTIP (titanium tetra-isopropoxide. Aldrich)

were added to 1 1 of distilled warer and srirred for | h ar 300 rpm
using a reactor set at 50 “C. After 1 h, 0.05 M 11C1 (hydrochloric acid,
Aldrich) and 0.0025M TBAOH (tetrabutylammonium hydroxide,
Aldrich) were added and then mixed for 48 h. The mixed solution
was dried at 120°C aumosphere for 28 h in older to obrain TiO>

al properties of DSSCs.

@ 20017 Published by Flsevier 15V,

Taking advantage of the LSPR of metal nanoparticles is rec—
ognized as a promising method to improve rhe performance of
photoelecrric cells [8]. Recontly, semiconducror solar cells using sil-
icon enhanced by surface plasmons have also been reported [9.10]

Ma wve worked on the improvement of dye-
sensitized solar cells (DSSCs) since O'Regan and Gratzel reported
them for the first W 1991 [11]. Several methods have been
used to creare DSSCs over the past 20 vears. including various types
of nanasrrucrures [ 12,1 3], phorosensitive subsrances [ 14—16], and
electrolyres [1/-19]. Any significant improvements to DSSCs have
been made in terms of efficiency; the best efficiency is within 12%

There have been many attempts to improve the efficiency
through the dye, in order to absorb visible light and far infrared light
more effectively. The dye plays a significant role in the absorption
of light. The dye generares phoro-stimulared carriers, which are
injected into the Ti0, for conduction.

The number of carriers stimulated

ectly by the dye has an

PR can improve the solar conversion efficiency (1) of DSSCs
by generating a wide electromagnetic ficld near the surface of rthe

The formation process for Ag-TiO» thin films
schemarically in Scheme 1. The prepared TiO» paste was coated
onto the fluorine-daped tin oxide (FTO) glass (8 $2/sq, Pilkingron)
using the doctor blade method, and subsequently sintered and cal-
cinated at 450°C for 30 min (Scheme 1(a)). The Ag thin Hlm on
top of the TiO: photoelectrode was fubricated using an E-beamn
evaporator (Scheme 1(b)). The TiO> thin film with Ag nanoparricles
(25-45nm) was formed by annealing (Scheme 1(c)). To prevent
the corrosion of the Ag nanoparticles by electrolytes, a 111P treat-
ment was carried out on the Ag-TiO, thin film, which was then
heat wreated al 450°C for 30 min (Scheme 1(d)). The engarment
surface of the Ag TiO> thin film is shown in Scheme 1(e). and a
cross- sectional image Is shown in Scheme 1(f).

The Ag naneparticles for ISPR were manufacrured on rhe Tic,
photoelectrode using an L-beam evaporator. The degree of vacuum
within the chamber during Ag evaporation coating was maintained
atless than 1 = 10 6 Torr, and the speed of evaporation coating was
maintained at 0.5 A/s. The Ag coarting had a thickness of 50A and
was annealed ro form round shapes. The size of the Ag nanoparticles
on the 1103 thin film were controlled by the annealing time, which
varied from 10 to 40 s at 450 C.

The assembly of the DSSCs was performed in  accor-
dance with the work of Jung et al. [25]. The Ag TiO: films
™M erhanol solution of N719
~ (bis-(isothi a- lato)-
11) bis-tetrabutylammonium, Solaronix) for Sh. A Pt

A TiO, pasre was made of TiO,
7 mL of distilled water, O.GE mL Dfacely]acetone (Aldnch) ando.Gg
of hvumxvpmpvl cellulose (Aldrich) at 1250 rpm for 3 h using a
paste mixe M-300. DAE HWA TECH, Korea).

(a)

Tioy —»

FTO Glass ——»

I T—

b Ag thin film
®) s
Ag (25-45 nm) ‘ annealing
© -
TTIP treatment
(d) -+ anneali

o
catalyst (Solaronix) counter electrode was also prepared by the
same method as the TiO> films. The electrolyte consisted of 0.5 M
Lil, 0.05M [2. 0.3M 1.2 dimethyl-3-3zpropyvlimidazolium. and

- Ag with TiO, Film

n

TiO2

FTO Glass

02 nanoparticle

e N

P Ti0: nanoparticie

O Ag @D TTIP trearment TiO:

Schuerme. 1. The fomation process for Ag-TiOz tiin Glms.
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e

0.5 M A-TBP in 3-methoxy-propionitrile. Sealing was accomplished
by hot pressing two electrodes rogether at 120C for 5 min. The
redox elecrrolyte was injecred inro the cell through small holes
drilled in the counter electrolyte. Finally, the hole was sealed using
a 0.1 mm-thick cover glass.

ructural characteristics of Ag formed onto the TiOz pho-
toelecrrode were analyzed using a field emission scanning electron
microscope (S-4700, Hirachi. Japan). The crysralline structure of the
Ag-Ti03 thin film was determined by X-ray diffraction (X' Pert PRO,
PANalytical, Netherlands). The UV—vis absorption spectrum and
reflection factor were confirmed using a UV—vis-NIR spectropho-
tomerer (Lambda 750. Perkin Elmer. USA).

H. Y. Jung et al. / Applied surface scienice 432 (2U18) 266 271

To observe the internal resistance of the DSSCs, electro-

chemical impedance spectroscopy (EIS. IM6, Zahner. Germany)
performed 5mV volrage over a

0.01 11z-100kllz, under illumination by
sity of 100 MW cm—2 and open circuit conditions. The electron
transport time and electron recombination time of the DSSCs
were measured using IMPS (intensity modulated photocur
rent specrroscopy. Ivium Technologies, Nerherlands) and IMVS
(intensity-modulatred photovoltage spectroscopy. Ivium Technolo-
gies, Netherlands), respectively. The electron injection speed was
measured at the frequency and short circuit current condition of
10%~10-' under 10% modulation with a spectroscopic merhod

1. FE-SEM tmages of a) pure TIO, fAilm and b), ) and o) A\
i T B

Pl

M. Y. jung et al / Applicd Surface Science 432 (2015) 266 271

using a blue light-emitting diode (465 nm), and the recombination
rime was measured when the condition for open circuit voltage was
mor. The PSSCs characteristic phorocurrent densiry-voltage (J-V)
curves were obtained for an active cell area (0.25 cm?) generated
using a Keithley 2400 source meter under white light illumination
from a 150 W xenon arc lamp (McScience, Korea) with an incident
light intensity of 100 mW cm~= (AM 1.5).

2. Results and discussion

Fig. 1 shows FE-SEM images and EDX analysis of an As-
film. The TiOz film with Ag nanoparticles of 25, 35, and 45 nm
in diamerer were named TiOz2/Ag25. TiO2/Ag30. and TiO2/Ag35.
respectively. Fiz. 1(a) #s surface image of a pure Tio, thin film;
rhe average diameter of the TiO, nanaparricles was approximarely
20nm. tig. 1(b)-(d) indicate the change in Ag nanoparticle size
with an annealing ©f 10, 20, and 40 s. As the annealing time
increased, the Ag nanoparticle sized decreased, with average diam-
eters of 45. 35. and 25 nm. respectively. These different sized Ag
nanoparticles on the Tio, thin Ailm will affect the solar conversion
efficiency and charge transfer properties of DSSCs. iz, 1(e) indi-
cates an Ag nanoparticle mapping image of the TiO; /A%25 thin film.
As shown in the figure, the Ag nanoparticles (red dots) on the TiOz
chin film were well dispersed.

Additionally. definite grounds confirming Ag nanaparricle for-
mation on the > photoelectrode were obtained from the LDX
Efis $(0- L chis spegonuny: the Tl peakaCipsak, and A
. This suggests that Ag nanoparticles are formed

riicles did not affect the dye adsorp-
Ag particle content compared to that of TiO> on
rhe phoraclecrrode is very low ar 0.1 3%,

I'he XRD patterns of the Ti02/Ag25 sample are shown in ig. 2.
The diffraction peak at Bragg angles (20) of 25.3, 37.1, 38.2, 48.1,
51.1,55.1, 62.7. 68.9, 70.1, 75.2, and 76.2 correspond Lo the crystal
planesof (011).(013).(112),(020). (015).(121),(024). (116).(220).
(125), and (03 1). rcsuccuvcly. indicating the furmanon of

3

n TiO; fitm for

©155. 105, and 5 min €) Mapping image of an Az nanoparticle
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Fig 3. Alsoiption spect of Tios/dye and Tios /AR(2S, 35, and 43 nufdye s,

the absorption peaks for Ag-1i0z thin films (1102 /Ag25, IIUZIAgJS
and TiO>/Ag45) were higher than that of the pure TiO> filr

As the size of the Ag nanoparticles increased. the abecrption
pealk amplitudes also increased. and moved towards shorrer wave
lengrhs. The increased absorprion peak may change rhe absorprion
wavelength peal significantly depending on the size and shape of
the metal nanoparticles | 26]. As the size of the Ag nanoparticle gets
larger., forming pentamers, hexamers, and heptamers by comb
ing with the surrounding Ag. rhe distance berween particles gers
larger. and thus the plasmon resonance wavelength is blue shifred
1271

As is well known, the magnitude of the plasmon enhancement
effect is closely related to the relative position between the Az
nanoparticle and the dye molecules, and the light-matter interac—
tion is scronger for smaller relative distances [25].

Therefore, a srrong clecrromagneric field around rhe Ag
nanoparticles will enhance the light absorption efficiency of the dye

TiO, (JCPDS Card N —1272). The 44.33, nd 77.47 peaks
at 20 correspond e ine crystal planes of (Uuz), (uz}.) and (113),
respectively, indicating the presence of the Ag nanoparticle (JCPDS
Card No. 04-0783). From the XRD results, we can clearly confirm
Ag nanoparticle formation on the TiOz thin flm.

Fig. 3 shows the UV vis spectra for a pure TiOx film and Ag TiO>
rhin films afrer N719 dye adsorprion (N7 191Ti0y or N7191Ag-
TiQ3). The optical absorbance spectrum for N719 dye shows a
maximum absorption peak in the visible region at 538 nm. All of

A-TIO_Anatace
S Siven

Intensity (a.u)

Y a0 50
2Ztheta (cegree)

Fig. 2. Xoray diffiaction patters for Ay nanoparticles on Tioz.

ly. which will be observed as an increased pho-
tocurrent in the DSSC samples where Ag nanoparticles are present.

The characteristics of the photocurrent density-voltage curves
of these DSSCs are Indicated in Fig. 4 and the performance param
eters of the cells are summarized in Table 1.

The solar conversion efficiency of Ag-TiOy thin-film-based
DSSCs was higher than that of a pure TiOz thin film. The pure TiO
thin-film-based D5SC had a solar conversion efficiency of 5.92%, a
short circuit photocurrent density () of 14.00mAcm 2, an open
circuir voltage (Voc) of 0.702 V. and a fill factor (FF) of 53.13%. The

Currert demW[rTAcm‘z)

ol
veorage (v)

Tig. 4. Phofocurrent density-voltage (J-V) curves of the DSSCs with and without Ag
Ranopartcles.
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Tabl
Pliotovoltaic parameters of DSSCs willi and withoul Ag nanopar ticles.
Sample name | Voo (V) J (mAcm?) Rl Factar (%) Ffficiency (%)
02 0702 1a.00 50323 so2
1105 /Ag2s o 1u60 5302 734
TiO2iAES 0706 1Ran saR> Zo>
1HOs fAgas w1z 1703 555 Bus

TiO Ag 45

'

5 10 15 20 25 30

Fig 5. Lupedance of DSSCs with and withoot Ag ianopar ticles.

TiO2 /Ag25-based DSSC displayed a high solar conversion efficiency
of 7. o high j.c of 19.60MAcm =2, a Voc of 0.704 V. and an FF of

i results, the scattering of light a strong electromagnetic
filed are considered LSPR effects in DSSCs. Enhanced scattering
will increase the [ due to the increase in optical path length, and
an enhanced electromagnetic filed will increase the Ji due o the
ehhancement in phorto electron generation.

The solar conver energy of the TIOL/Ag25 coll of 7.34%
showed an increase of 23.99% over the pure 110z thin film. The solar
conversion efficiency of the DSSCs were 5.92%, 7.34%, 7.02%, and
6.78% [or the pure TiOz fihn. TiO2/Ag25. TiO2/Ae35, and TiO2/45.
respectively. We can see thar as the Ag nanoparrticle size increased.
the solar conversion efficiency of the DSSC decreased. This result
was rhe opposite of thar scen for the absarprion of lighr. There-
fore, in order to identify these opposite results, we measured the
nternal impedance (Nyquist diagram) of the DSSCs.

The impedance Nyquist diagrams for the DS5Cs with LSPR and
withoul LSPR are indicated in Fig. 5, and the cell EIS parameters are
summarized in Table 2.

Generally, from the Nyquise plot i is possible ro caleulare rhe
resistance (Rs), which is mainly affected by the sheet resistance
of the conductive substrate, the resistance (R;) between the plat-
inum counter electrode and the electrolyte (also known as the

charge transfer resistance), and the resistance (Rz) at the photo-
electrode/dye/electrolyte interface [2
In rhis srudy, we focused an rhe offecr on rhe LSPR assaciated
with the tramster of charge at the photoelectrode/dye/electrolyte
interface (Rx).

Table 2
EIS paranmeters of DSSCs with and without Ag nanopar tcles
Sample name R (£2) Ry (82) R.12)
1041 1109 0.2
Tios iAges 10.75 1140 1202
TI0./AE35 11.09 1088 15.96
TiO2 fARaS 1101 10583 19014

H-V. jung er al / Applied Surfoce Scienee 432 (2018) 266-771

Table 3
Charge capability parameters of DSSCs with and without Az nanoparticles.

sample name 1 ransport time (ms) Kecombination time (ms)

148 = 10— 2.01 <107
127 %10 2 Soa=io 2
1335 10-3 22102
137 = 10-% 247 w102

Here. in the electron rransport time formula (1. fmax is the high

est frequency obrained from IMPS. In the electron recombinarion

time formula (2), fmax is the lowest frequency obtained from IMVS.
The electron fransport time of the DSSC at 1V without

Ag is 1.48 10 3ms, and the (ransport tmes wilh increas—
ing Ag nanoparticle size are 1.27 = 10-#ms, 1.33 = 10~ 2 ms. and
1.37 = 103 ms, respecrively. Similarly, the ecleerron recombi-
nation times h 3.04 > 10-7 ms, 272 = 10-7 ms,_and

2.17 » 10-2 ms, respectively, and without Ag is 2.01 =~ 10-2 ms.
This suggests that as previously mentioned, as the size of the Ag
nanoparticle increases, the performance of the DSSCs is deterio-
rated.

4. Conclusions

This study manufactured round Ag nanoparticles onro a TiO>
phorociectrode to improve rhe performance of the DSSCsand inves-
tigated the impact of varying the size of the Ag nanoparticle on
DSSCs.

It was found that the scope and intensity of the light absorption
in the TIO> photoelectrode with Ag nanoparticles was more than
rhar wirhour Ag nanoparricles. Addirionally. rhe current density of
rhe DSSCs increased and the PCE also appeared higher. Furrther-
mare, the low content of Ag nanoparticles (0.13%) did not have a
mreat impact on the changes in absor|

When the diameter of the Ag nanoparticles was 28 nm, the DSSC
showed the highest current density and PCE; compared (o the DSSC
withour LSPR. the current density increased by approximarely 40%
and rhe PCE by approximarely 24%. If the size of the Ag nanoparticle
was more than 28 nm, light absorption increased, but the current
density and PCE deteriorated. This can be explained by the fact that
although the number of electrons generated from the dye increases
due ro increased lighrabsorprion caused by LSPR. all of the electrons
cannor be conducred rhrough rhe Tio, and rarher may recombine
h the holes of the dye or be backward charge transferred, thus
nereasing recombinarion wirh rhe Iy~ ions of the elecrralyre and
deteriorating the performance of the DSSCs.

H.-¥. Jung et al. / Applied Surface Scienice 432 (2015 ) 266-271
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¥ig 6. Charge capabilitics ofelecirons in DSSCS with and without Ag nancparticles:
) mlectran franspart time, b) clectron recomhbination fim

The resistance R> was lower in all of the DSSCs with Ag present,
as compared (o the pure DSSC. As Lhe size of the Ag nanoparticle
gerts larger. the resistance R» gets highe

The results for the resistance Rz with increasing Ag nanoparticle
Atre were 12ia, AsSeiend 190 S respectivelys The Teatance
Ry for rhe case wirhour LSPR was 20.24 S,

As the size of the Ng
h Ry gets higher.

This is because the localized surface plasmon effect causes a
great deal of electron generation in the dye due (o the improved
electrromagneric field. bur with too much electron generation. the
resisrance Ry becomes larger hecause TiO, eloctrons may reunire
with the holes from the dye or be backward charge-transferred
due to the saturated state, and then reunited with the I3~ of the

electrolyte. Accordingly, the current density of the DSSC is reduced,
as is the power conversion efficiency (PCE).
To better understand the charge transport ability of the DSSCs

(7,) are calculated and indicated in (a) and (b) of I'ig. G, respectively.
The charge capability parameters of TiO> with and without Ag at
1V are summarized in Table 3.

The electron transport time and electron recombination time
are calculated according to formula (1) and (2).

(7e) — 1 /2 Fma (4b]

(7)) — 1/ 277 T (2)
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Al
fluorine-doped tin oxide (FTO) substrates with
were lrealed wilth lhe purpose of

the present study, fabrication of dye-sensitized solar cells (DSSCs) was attempted using
and without plasma treatment. The FTO substrates
mproving lhe solar conversion slliciency of DSSCs. The surface

hort circuil pholocurrent densily (Jue) wa
solar conversion efficiency () acl
P to the u ples.

e
d was 6.71%. The eff

voltage (V,.) reached 0.701 v
clor (FF) of 60.02% and the
ney was improved by about 22 4%

Keywords: Dye-Sensitized Solar Cells, Oxygen Plasma, Argon Plasma, Hydrophilicity.

1. INTRODUCTION
Dye-sensitized solar cells (DSSCs) are based on the con-

cept of ph hesis. a process with plants.
Busically, DSSCs prodoce electricity thanks 1o a pho
toelectron chemical reaction. which takes place at the

dye molecules adsorbed on the surface of a metal oxide.
DSSCs consist of: a photoclectrode. which is a transpar
ent conducting oxide (TCO) substrate coated with a sem
conductor layer: dye molecules. which are adsorbed on
the surface of the photoclectrode;: and a counter clectrode.
which is a T'CO substrate couted with platinum or carbor
DSSCs are assembled in a “sandwich-like structure™ and
the electrolyte is inroduced between the photoclectrode
wl the cou er electrode. !

Various studies focusing on surface treatments are
underway, with the aim to increase the ecfficicncy of
DSSCs. Sever methods have been used as surface trear
ments, including chemical surfuce treatment. UV-O, treat
ment. and plasma treatment.®* The mest commonly used

“Amthars te whom correspondence shanld

method is the chemical surface treatment. which is ear-
ried out on the electrode used as muin material. On the
electrode used as main component surface treatments may
be effective in reducing the charge recombination occur-
ring ar the interface hetween the TCO substrate and the
porous clectrode luye 1 the dye absorption by

the adh the TCO substrate sur-
face and the TiO.. and in facilitating the overall movement
. the purpose of su
the solar < rsion efficiency
of DSSCs through all the aforementioned mechanisms.’
The ch bused on titanium chlo
de (TiCly). however. presents two weak points: the first
s the tendency to gonerate hydrogtn chloride gas. duc to
the reaction
F the wolition; the sousid is the generanon Of emViron:
mental pollutants.> On the other hand. surface treatments
using plasma affcets only the surface to be treated, unlike
chemical surface treatments.” Plasma treatments increase
the adhesion between the TCO substrate and the photo-

e addrossed clectrode, since the hydrophilicity of the TCO substrite is
L Nancsci. Nanotechnel. 2017, Vol 17, Ne. & 1533 4580/2017417/3323/005 i 10,1 166002017, 15085 3323
Solar C. A -y of Dy Solar Cells via Plasma Treatment of TCO Substrate Jeung et al.
Table L. Paramecters affecting the plasma treatment Tor the synthesis of TiO.. the sol-gel method was used.
prs— Gox flow fais | Pressure | RF powsr | Toma As starting material. titanium tetra-isopropoxide (TTID,
name Gas (scem) (mTorr) W) (min) Aldrich) and distilled water were used. ITydrochloric acid
ey e — (IICL. Aldrich) was used as a catalyst and tetrabutylam-
i @ 50 oo - 5 monium hydroxide (TBAOH, Aldrich) as a catalyst and
ey OAr S0:s 100 S0 5 dispersant. The TiC, thin film used in this work was syn

spa O Ar so:10 100 s s

enhanced thanks to
organic residuals.”

Therefore. in the present study plasma treatment was
performed on the TCO substrate in order to improve the
iciency of the DSSCs
taking place on the Surface of the 'LCO substrate and the
impact of the surface treatment on the electrochemical
propertics of the DSSCs were investigated.

the removal of carbon impurities and

2. EXPERIMENTAL DETAILS

As the TCO substraie of the DSSCs, a fTuorine doped
oxide (FI'O, 8 Q/sq. Pilkington) substrate was used, afl
being cut to the size of 15 mm x= 13 mm. A Plasma Asher
(plasma lab 100, Oxford. U.K) was used for the physical
surface treatment of the I'TO substrate. The factors affect-
ing the plusma process include th pul gas,
the gas flow rate. the pressure, the radio frequency output
values. and the process time. In the present work the gas
flow rate was selected as the main factor. Table I shows
the conditions of the plasma treatment.

s the i

RS © 23708 =) Era
o,
33
Figure 1. Surface rous from AT

plasma treatment.

3324

=) =R

thesized by sol—gel method and the DSSCs were asscm-
bled

ance with the work Jung et al ®

3. RESULTS AND DISCUSSION

Figure 1 shows the root mean square (RMS) of the surface
roughness FIO substrate before and after plasima treat
ment. The untreated sample SPI and the plasma treated
samples SP2, SP3 and SP4 were characterized by an RMS
of 25.729. 23.905. 23.709, and 22.628 nm. respectively.
The decrease of RMS on the plasma treated substrates is
probably caused by two factors: the removal of defects
previously formed on the I layer as

collided with the substrate during plasma treatment.® 11
and the ctching of the FTO substrate surface causcd by
(he zas (Arpon). ruther (han by chem
induced by oxygen.

The measurement of the contact angle, where the lig
uid is formed on the solid surface. is a surface analy-
sis technigue sensitive to even changes in a le-layer

A

angstrom unit. Generally, the small contact angles
correspond to high hydrophilicity.'* where as the large
iciy

contact angles correspond to low hydrophob:

w  AMS: 23605 nm mes

" s o sPa

for (2) SPL. (b) SP2. (c) SP3 and (d) SP4. depending on the sas content of the

. Nanosci. Nanotechnol. 17, 3323-3327, 2017
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sP2 sP3
Sample name

Figure 2. Contact angle of distilled water on the before and after
Plasinu teatinent.

e contuct ungle of the liquid in contact with the flat

the liquid—solid—gas junction. Even the same drop of water
might cause some crrors (=4£2°) depending on measurement
methods or angle:

“Thié cEnEACE SREISI(0) betiwesnis A strfios and & 1igui
droplet is given by the Young equation as follows:

VSV ySL+yLVcos®

ace tensions
liquid. V

Where ¥ySV, ¥SL.and yLV denote the su
between the various interfaces (8 = solid, L

aungles of the ¥ ) subsirate befc
after plasma treatment are shown in Figure 2. The con-
tact angles of SP1. SP2, SP3 and SP4 are 56.7°. 4.37,
2.2° and 5.0°. respectively. The contact angle is rapidly
reduced by the plasma treatment. In other words, plasma
trea pu
es such as carbon were removed from the F1O sub-
Thus, contact angle measurement can provide an
effective means of evaluating the cleanliness of a I'TO
substrate surface. Additionally, the small contact angle
will L 1 imcrease in (he oxygen conten
ing in high surface energy on the FI'O substrate sur-
face. This will improve the adhesion to hydrophilicity

c red ool (o reduce the e

tact ungle, wus

1o

the FTO substrate belore and
plasma treatment. Table II presents an overview of
e binding energy values and of the carbon/oxygen ratio
measured before and after plasma treatment. The bind-
ing cnergy of carbon (Cls) was 285.02, 285.01, 284.97,
and 254.98 eV for SP1. SP2. SP3. and SP4, respec
tively. The binding energy of oxygen (©1s) was 530.56.
530.73. 530.59 and 530.68 ¢V for SP1, SP2. SP3. and

o Na L NG

17, BE25-3327, 2017
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Intensy (CPS)

282 28a 256 ET) 250
Binding Energy (eV)

' CED

Intensity (CPS)

20 sZs 530 832 534 536
Binding Energy (eV)

Tigure 3. XPS spectra of (a) the binding cneray of carbon (C1s) and
(h) oxygen (O1v)

SP4, respectively. As shown in Figure 3, the carbon con-
tent decreased whereas the oxygen content increased after
plasma treatment.

The increase in the oxygen content is probably due
to the fact that the injection of oxygen resulted in the
removal of the carbon present on the surface of the FTO
substrate.'” '* Also. argon gas is generally known to have
an etching action. but it has also an impact on increas-
ng the final oxygen content.'’ In addition. an increase
in the oxygen content results in high hydrophilicity in
argon gas.'

o T, XPS peaks and ealeulated carbon/oxygen ratio for FTO thin
films. depending on the plasma treatment conditions.

Carbon Oxygen
Sample Cls peak  Ols peak mecomposition composition
name (=V) (eVv) ratio (%) ratio (%)
sp1 530.56

spz 30073

sp3 s30.59

sra Sa0.68

ieng er al

Table 1.

Photocurrent—voltage curve of DSSCx subjected to plasma

P — V.o (v) I (BA em) EE () (%)
sp1 0400 12.51 cza7 s.as
sp2z 0705 184 ou.ua o
spa 0701 15008 s0.02

sp1 0.705 15.35 5827

Nates: ¢ aolar comersion efficiency. J_: short sireuit photocument density. V.t
opers it voltme, FE G facton

o Zo 30 ) 60
z

Figore 4. Characteristios of the impedance measared for SP1.SP2.SP3

and SP4. depending on the sas content of the plasma treatment.

The impedance of the cell was measured before and
after plasma treatment to

nvestigate the changes affecting
the optical tics of the
Figure 4 shows the Nyquist plots collected before and

Ciene

cully, from the Nyquist plot it
s possible to calculate the resistance (R,). which is mainly
ed by the sheet resistance of the FIO substrate, the
resistance (K1) between the platinum counter electrode
and the electrolyte. also known as the charge trans-
fer resistance, and the resistance (K2) at the phcloelsc—
trode/dye/electrolyte interface. R1 was 16.03 10.14
and 10.99 ©Q for SP1, SP2, SP3, and SP4, LSch(lvcly,
This deerease of R1 is probably cxplained as follows: as
the oxygen content after plasma treatment increases on the
FIO surface, higher hydropl y. and thus,
an improved adhesion to the hydrophilicity Ti0O..'? lead-
ing to a decrease in R1. As mentioned above. R1 is gen-
erally known as the charge transfer resistance. belwcen
the Counter electrode and the electrolyte, an

sP1
sp2|
ol sP3|
s sPal
=
£
S
E
5
S
[X) o2 ola o6 o8
Voltage (V)
rg..n- S, Photoeurrent—voltage cirve of TISSCs svhjected to plasma
3326

d an - of the level of adhesion between
the FTO substrate and the TiO, >

Figure S presents the photocurrent voltage curve show
ing the electrical characteristics of the DSSCs betore and
wl lable 111
sured values. Sample SP1 showed a open-circuit voltage

Vo) of 0700 V. a circuit photocurrent density (/) of
12.51 mA cm~, a fill factor (FF) of 62.57% and an solar
conversion efficiency (1) of 5.18%. In comparison, all the
other owe ric conversion
efficiencies. Among them, sample SP3 was found to show
the best characteristics. with a V,, of 0.701 V. a /. of
15.98 mA -cm™ =, a FF of 60.02% and a n of 6.71%, which
was 22 4% higher than the 7 value calculated for SP1

ter plasma treatment shows 11

4. CONCLUSION
These results suggest that as the oxygen content increases
on the surface of the F1'O substrate. the hydrophilicity of
the FTO substrate increases and the adhesion to the TiO,
is 1l improvenment of

£ 10 the ove

DSSCs electrical characteristics.

The present study investigated the physical properties of
FTO substrates with and without plasma treatment. with
the aim to improve the 1 of DSSCs. The results can be
summarized as follow:
1. The plasma treatment increased the oxygen content on
the oxide film.

2. The internal (R1) as the

between the FTO substrate and the TiO, was improved,
due o the reduct o and to
ton the FTO substr
surfuce. caused by the injected gas.

3. Plasma treatment removed impurities on the FTO sub-
strate surface. This increased the oxygen content and led to
high surface energy on the I'TO substrate, showing prop-
ertics of the small contact angle.

4. The unweated sample showed a 7 of
the sample treated using ing 50 scam of
oxygen and 5 scem of argon showed the hest properties,
wilh a 77 of 6.71%.

n the carbon/oxys

case in the oxypen conte

5.489%, whereas

plasma contai

In conclusion. the surface treatment performed on the
FTO substrate, whereas the removal of the dual carbon
and impur improved the adhesion between the 1O

A Nanosci. Nanolechnol. 17, 3323-3327, 2017
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Efficiency enhanced of dye-sensitized solar cells using anti-reflection
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> The AR co

Dye-sensitized solar cells(DSSCs) have been widely paid attention due to their great potential for low cost energy conversion
ncy losses, such as reflection of light by a

devices. However, DSSCs show low solar convers
e or trappi

recomb due to the ance of cell.

roaches. An n (AR
in boosung the amount of light entering the device and reducing or suppressing reflection 1osscs, thus enhancing the solar
conversion efficiency of the solar cells.

ical v

2ot Cher
5 as well a:

ngs have bee
Deposition(PVD),

pping, screen p
0,

por Deposition(CVD), Physical Vapor
pin coat

gaiaa lnl-n tudied by o
g a s limited to a silicon solar cells. Multi
coatings are expected to reduce the reflection and inerease the transmitiance of Hight at the slass surface.

> DSSCs based on TIO3/SI03 multi-layer AR coating on the outer glass flucrine doped tin oxide (FTO) substrate are
Investigated. We have coated an AR layer on the surface of & DSSCs device by using system and investigated the effects of the
AR Tayer by measuring phoroveliatc performance.

EE ‘:.:‘ s ot g

ructure of the transpa
flm(Ti0,/S10,/TIO, o,

EDX of TSTTS anti-refrection
coating.

g fxmeor. !/ and Result ~N ~

layer war fabricated by IAD

- o Tstrs . - e TS eme s ses G
— i
1 f_m
o o o 15,813 e ot e SRS
dve TIO:/SIO:/TIO-/TIO)/SIO; layer on the FI’O glass face e. Transmluanm

- i
z 1
Ko &
i
i
Photocurrent-voltage curves for pure
FISsof Pure FTO and TSTTS. FTO and TSTTS anti-reflection based
DSSCa.
EISs par of Pure FTO and Photovoltaic parameters of pure
FTO and TSTTS

eicrefiection

TSTTS S anti-vefiection based

based D

i inu.ased, “The AR layer was coated on top of the DSSCa.
significant increase in the short circuit photocurrent
14.30 mA/cm . The impedance of the DSSC under 1
Toin s xhown n figire. Twe semicireles were obwerved in the Nyquist Plots.
The first and second semicircles uted to charge transfer at the
and_the TiOa/dye/electrolyte

ce. As shown in figure, the two semicircles in the Nyquist
milar therefore, AR layer had on effiect on impedance analysis. In o sy,

O glase surface was thick AR layer using an

synem, The surface mnrpholouy ‘oF the TOTTS layer wan nveat igated x i FE.
L IS SEM and optical propertics such as transmittance were Investigated by UV-
o e Vis spectroscopy. Transmittance was increased FTO glass with the AR

T
7
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5
i
3
[
3
EE
3
i

ittance of pu nd
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o == PRRS 3 @3 (BinLietal.,2010)
19951 A PRRS ¢4 ol Fau 7z} X HolA theFst #+52] PRRS H}o]
2alEeich 53 20069 1

2] ~7}

o124 o] PRRS ulole]~7} Hia H9Yx BL IIqE 9
_]

S W ORFo+ A4 A7IMEE 243 A3 19960l A T 2009 Abe] oA &g

H EE vpo]#{ = 4709 subgenotypel ® %+ NorthAmerican+ 4 F o &8+
Aol 183 o] EFHctulo|ldl A~ AE 1:].01:/HJ/} HAA 0 A= =9 XY
of 7] wpole| 2o ok PRRS Hiole] 29 o H7kA] Fzte] W] &g Aolghal 4
= ok

o Europeol] /12] PRRS %4

3 83 (TomaszStadejeka.,etal,2013)

Frol A @A PRRSE 9 W #A Aol & E}ﬁ—% FaL Qthol= 1 A A
Fed vlolgl 27t Ao w WMEs dod|u T UE AgelA gk uwd
 EEF AREEA M Hm glohA e °E*o1m el PRRSVE o1l el
T2 nlolxe] Wy TFolm Type2(NorthAmericanfr A 3) 8] 5% thdFst 4714
ol A% ol %Xﬁé% o2 B ¥tk Type2PRRSE] 4% 7]Eel WAl #35 225
Aou A sy BAddE He A5 B2 Hi 9o m Typel PRRS=F 4 2
A el s subtype 1 57} ﬁ—vﬂﬂ SraolAeE BEE subtype®PRRS Hfol
27k BEHE Aow SRt AR R F WlANE Aduit Hroe #37) w
A5 glo] H&r Fweletn mm RRS A % ool Red Ago|ch

."f 1‘\.\_

Sequence “Type MName Subtype Country Year
1 Lelystad virus 1 Netherlands 1991

2 BH 95 10 12 1 Germany 2006

3 roma22 1 Romania 2012

a 1 28M 1 Slovakia 2009

5 Vas 2 Belarus 2005

6 1] 2 Russia 2009

7 Bor-54 2 Belarus 2004

a Zap 3 Belarus 2004

L] Soz 3 Belarus 2009

10 WL Subtyping pending Russia 2006

11 2901 N Mexico 2002

12 9127712 (UST) _ jicame USA 1991

13 VR-2332 LISA 1990

"Type 1. EU genotype PRRS3Y. Type 2; Morth American genclype PRRSY,

< 78 2 N9 W 2cl= PRRS HHOI2HA 2=+ >
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=5 | "7 sz (& 3w - 5=
2 | 53] (10-1667316) 1(5) A o] gkl = 2016.10.12 —
978 deis] 9 o o
E . st = s 5 =0
3 |59 Al =Y ZH(F) 2 skl = - 2015.10.16 =49
(10-2015-0144770) 714
- FRAEA BTN 2" | T3 } -
E3F ) (F Eiadll - .08. =<
4 | 59 (10-2016-0109714) 1(5) 25 o = 2016.08.28 =
Solar Conversion 1 of
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of Dye-Sensitized Solar 3= 3} &= nanoscience
h 84 [¢) o
5 | =1 Cells via Plasma o) o and nano | 1.483 | 2017.08.22. | Tt =A}A} SCIE
Treatment of 7= 7] technology
Transparent Conducting
Any
Oxide Substrate /vl
Electronic
The study of light a3} 9 = Materials
6 | =% | waveguide effects on | | J ?‘%; 2057 | 2016.03.10 | F2AAL | SCIE
7ZnO nanorod arrays 7] =1 7] - Letter
Vi
Surface plasmon )
resonance effect of Applied
i i G | dE surface
=y silver nanoparticles on F ] H o o} AL
7T | = 2 TIO2 electrode for | 7] 28] | 7]%t science 3.387 | 2018.02.28 | ©5AFA} SCI
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2010 KLEI gt==A4 A A 44 Zoats

A, 2013 gk FEAEG o] AW w7ke] digk A, Pig&Porkgh=, 2013.1.
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3 ‘YEHaFY I3
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FUR, 2003 HSKe) AUAZ 9% AR AA AFALFEFE =Y A
SUR FHFGE. 1996 ADFE FAF AAE A D AEA,

FUY, FRFLE. 20160 HE FA BEAAE - AANGA L ABA,

"Livestock and Poultry: World Markets and Trade(2013.4)", USDA FAS

Songer, J. G. et al. 2005. Veterinary Microbiology, Elsevier Inc.

Wathes, C. M. et al. 1994. Livestock Housing, CAB International.

USDA, Quarterly Hogs and Pigs. 2013. 6, USDA.

USDA, Livestock and Poultry: World Markets and Trade. 2013. 3, USDA

USDA, Livestock and Poultry: World Markets and Trade. 2013. 4, USDA FAS.

USDA/ERS, USDA and Bureau of Labor Statistics, U.S. Department of Labor USDA.

USDA/ERS, Livestock, Dairy, and Poulcty Outlook. 2013. 8 USDA

USDA/ERS calculations using data from U.S. Department of Commerce, Bureau of che

Census. 2013. 8. 15, USDA.

Barfoed AM, Kristensen B, Dannemann-Jensen T, Viuff B, Betner A, Kamstrup S,
Mgller MB. Influence of routes and administration parameters on antibody response of
pigs following DNA vaccination. Vaccine (2004) 22:1395-1405.

Charerntantanakul W. Porcine reproductive and respiratory syndrome virus vaccines
Immunogenicity, efficacy and safety aspects. World Journal of Virology (2012)
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. Surface plasmon resonance effect of silver nanoparticles on a TiO2 electrode

for dye—sensitized solar cells

. =4 : The study of light waveguide effects on ZnO nanorod arrays

. =11 : Solar Conversion Efficiency Improvement of Dye-Sensitized Solar Cells via
Plasma Treatment of Transparent Conducting Oxide Substrate
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