Protection
layer

Anode
current
collector

Substrate

» Schematic diagram

Cathode
current
collector

Cathode LiMn,0,, LIMNnNICo)O,, LiFePO, etc.
Electrolyte LIiPON, LLTO, LISICON etc.

(Electrochemical stability window: 0~5.5 V)
Anode Si, Si alloy, CNT, Li,TisO,, etc.
C.C. Ni, Cu, Pt, Al etc.

+ Stable voltage range of liquid electrolyte

6 [ Electrolyte
~ decomposition . LiNiPO,
=5 5F LiCoPO, WS LiNiy.Mn,s0,
| —  Haa g
g ar tirero, D
— 3 | e LianO, l.iCoOz
% Electrochemical
o 2F stability window
& of electrolyte LizTis0,,
O iEN - e st e
] Electrolyte LiC,

0 decomposition =

- 12, 2JFo 540 ot
- Swelling 34+
- Li degradation

- Side reaction

shapes and size
Thermal stability

Low ion-conductivity

Medical robot Micro robot
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Lithium thin film batteries
- Flexible batteries
- Transparent batteries
- 3D structured batteries

Senisors, microchanniels, New composition
power generators

Thin-film battery,
modules

Contact lens
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Lithium ion thin film batterieSieonicomn:

ﬁproach 1, Pupil Transparent TFBH

Transparent Part
(MED Lens)

Non-transparent Part

Thin Film Batt Pl
(Thin Film Battery) in Him sryon

Approach 2, All Transparent TFB
(oo parent TF8 )——

Anaode
(ex.’SiN,)

,/"solid Electrolyte
(tzx. LIPON)

Laser lift-off

LR
De

= Transparent Thin Film Battery using Wide

. Cathode
(ex. LIMPO,)

Band Gap Oxide Active materials
= Low Temp. Crystallization using KrF Excimer

Laser or Laser Lift-off

o

et lens -

@ K

(A}proach 1, Pupil Transparent TFB) ~

Transparent Part
(MED Lens)

LN
4
N
/
i

1
Thin Film Battery on PI

Non-transparent Part
(Thin Film Battery)

<Thin Film Battery on Lens>

-""5' B

¥ '-"“;3" Nano Energy By

It tmel bt o e s A e g

+ 2

Pull g
Scalable fabrication of flexible thin-film batteries for smart lens applications l;;
H\-&ul Lee"", Sangne Kim*, Kevag Dam Kim®, J}-Won Chol~
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Pupil Transparent Part
(MED Lens) «
b
...—-",-—
Anode (Li)

— Electrolyte (LiPON)

~~_ Cathode (LiFePO,)

Thin Film Battery Part

. Polyimide substrate

<Schematic diagram of deposition>

PHTi LiFePO, NiCr/Ti

Anode current collector

~. Cathode current collector

THE KIST

(i 1
50 100 150 200 250 300 350

Z'[a]

s VAP PR TPRY P

400

lonic Conductivity
=1.21x10(Qcm)"!

g=d/(RxA)

_—

: ionic conductivity

: thickness of thin film

: electrode area

: real part of impedance

A r>aq

TO glass (beaker cell test with liquid

Practical capacity vs.

electrolyte)

Theoretical capacity (%)

0 10 20 30 40 50 60 70 80
4.0 - ——300°C g
% I ——400°C
= —— 500°C
’ 38l B
g
; % 3.6 - p
E g 3.4 -
@
2
® 3.2+ gl
D
o L
3.0 A
T T T T T L L L | i " i N
15 20 25 30 35 40 45 0 10 20 30 40 50
2 Theta (degree)

Capacity (nAh/cm?um)
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Relative Intensity (Arb.unit)

3 LiFePO,/PH/TI/PI
LiFePO, (#81-1173)
‘ ; ‘ J L ’I |. : | _i |||.] |
15 20 25 30 35 40 45
2 Theta (degree)

>t/Ti/PI (beaker cell test with liquid electrolyte)

Practical capacity vs. Theoretical capacity (%)

0 10 20 30 40 50 60 70 80
4.0
38|

o 3.6

g -

9341 :
3.2t =
3.0t 4

0 10 20 30 40 50

Capacity (nAh/cm®um)

ON electrolyte

- Target composition
- Discharge gas

- Pressure of discharge gas
- Power
- Substrate

- Substrate Temperature(Ts)

- Deposition time

Li;PO,
N, 40 sccm

5 mTorr

120 W
Pt/Ti/Si0,/Si
R.T.

14hr

300

250 4

"

150 5

100 ~

50 4

lonic Conductivity
=1.21x10%Qem)"

o=d/(RxA)

: ionic conductivity

: thickness of thin film

: electrode area

: real part of impedance

ArPaq
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Pupil Transparent MEB e K

state battery (with solid electrolyte)

0.1C-rate
4.0

g
(-]
T

Voltage (V)
w
S

2 15

MED lens Thin film batteries
on MED lens

Side view

100

[=:]
o

Transmittance [%]

M L n 1 " 1 . 1 " 1 s 1 n
200 300 400 500 600 700 800 900
Wavelength [nm]
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5 10 15
Capacity[pAh/cm’um]

Lithium thin film batteries

- 3D structured batteries
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Applications PG i @an K

¥.-L Yang et al, (2009) IEEE, ISSCC H. Yao et al, (2009) IEEE, ISSCC

= Drug delivery array + rechargeable
lithium-ion nanowire battery
(4.5mm in diameter)

» Pick up energy from external sources

+ monitoring tear glucose level
+ Need external connection
* Not transparent

D.-H. Kim at el, (2014) Nat. Nanotech.

Gerald E. Loeb at ol., (2013)
Annals of Biomedical engineering

Multifunctional wearable devices

. needed :
Micro-electrics

. T. Sekitani at el,, (2009) Science
+ Imbedded type pacemaker with

lithium battery
* Battery voltage 3.0~40V
+ Battery life 18-24 months

“Solid Electrolyte: the Key for High-Voltage Lithium Batteries”

(a

10

o8
Saolid-state battery

08

Normalized Capacity “~—"

= \ Electrolyte vol.: 1
LiNi, -Mn, O I Liquid battery 3 80.6% retention
0.5 154 04 AL Elpetrolyte vol* 1648 | | <0.001% loss per cycle
. Liquid battery 1 [ Liquid battery 4
LiPON %21 Eectroiyte vol- 309 Electrolyte vol. 4124
00
Li 0 2000 4000 6000 8000 10000
(b) Cycle Number
— 100 ;
R e
> B8 0000,
; § a7 |
Current Density (mA g™} 2 o
_ 15 ™ o £ ol
i P i ' D o
% w .-R'-——a___h. N g B = Solid state battery 1 |
< 10 T g5 Liquid battery 4 (Electroye vol.:4124) | %4535 a0
Tm
Z ] 8 w!
g ] 2000 4000 5000 8000 10000
3% Cycle Number
& [~a- Solid-state batlery|
g = |- Liquid battery | Nancy J Dudney et al Adv. Energy Mater. 2015, 5, 1401408
2 o =
o 1o

1
C Rate
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Limitation

Cathod

I L
Electrolyte —7

THE kI

5T, Maki u@ i

System Battery
Application (mm?) (mmd)
Micro-air
vahich 30 110
Em.rifonmentel 150 350
sensing
Biological
monitoring 0.0073 326
m;croeleCUMic 05 1200

Charging time

Volumetric energy
Density

/' Sell-discharge
Duration Thickness limit

- Thin Film Battery

Lithium Polymer Battery

Approaches

T

5.

2-dimension

oot 8% 37t

3-dimension

THE KIST, Makir u@,l st

New materials!!

2%48l Fx0] W]
S uraren|

(D82 B Braa)
2I§ol2el o5 A2 Y4
0l2 MEED| B Y
Vs
3Mg Fxe| apux|

=2 HEHE
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“ Three-dimensional hemisphere-structure
LiSng p12sMn; 6750, thin-film cathodes

P ———
P ——— - v -
E Blecrochemistry Communications |&!
o
Dot e M.
Three-dimensional hem sphere-structured LiShaorssMiy w0y @.-,.......

thin-film cathodes

Harra Vim 2, Wos Yeon Korg **, Sook-Jie Yoon *, Sdhw Ratun *, Wo Won g, Yung-Fen Susg %,
Jomg-Yoon Ha', Albert V. Davyder, JiWon Chsi **

+  Sn-LiMn,0, > great cyclic retention

s ' — * Hemisphere structure = by simple spin-coating
: et Link formation Each beads Isolated

= g b L 21 o ot L e ey e by 4 Close-packed PS (20 sec O, plasma) {70 sec O; plasma)

o —— e
Begzeras .l etz 1 s 5 e e A caren
[Sp A r—

1-W. Chor et al, Electrochem.Commun, 43 (2014)

% XRD and TEM analysis v - Electrochemical properties
8 " " » " b
! " uoaw n 1w 80
| ng
§ ] — “"; 60
i cosepacked  \if | 0 | 9 50 -':_
e e bpmachere v i'w'v @ | ‘;\:{ \\- Eﬁ
:E [ planae l'-\),"\n‘ “ | % "t
R WA BE
» M M W “w x g- e
2 Theta (egrees) 1w
o

(2]

Effective surface area
L]
Capacity (pAh/um-cm?)

Planar  Closed-packed  Linked Isolated
Thin film type

¥ LiMn,0, ~43 pAh/cm2-um (0.3 C-rate) .. Power Sources 232 (2013) p.7
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S—— .
S S
Q=

Fi and El | Prop of
Hemisphere Structured 3D Li{Li, ;Mn, 5,Coy ;,Niy ,5)0;
Cathade Thin Film for All-Solid-State Lithium Battery

H Yo' o, WY Kong', 50 Yoo, ¥ C_ Kinr’, and 1 -W. Dhai'~
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e THE KIST, Makir u@l "

2 8 B

Discharge capacity(pAh/pm-cm?)
-3
=3

Planar tyhpe: 60 pAh/em?-umo| =2 %£7| 822 2t=
k= Braks MIZHX| /2| hemisphere templatedi St
510 £7| 8% 140 pAh/em?-umE = S8 549
gtofg 79

80

40+ 2 Linked
L

0k - Embossed
0 Planar

ok L " J
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Cycle number
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<
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Electrolyte Anode

Current
Collector
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o2 THE KIGT, Making Histary ]
3-D structured electiodes = @i Kl

2-dimension 3-dimension
Cathod L | sing thickness
L]
Electrolyte —= *
Anode.
Li* ion
ECG sensor
EnOcean wireless sensor (ImW, $ 0.6 million) _

s (24pW, $ 0.5 million) =

e & .-
y ] A

Hearing aid

- |Cardiac pacemaker - (AmW, $ 2 million)

/(souw, $ 1 million}/"__

Pulse oxymeter sensor/
(90uW, $ 0.7 million)/

Summary
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Wearable device Flexible mobile phone Flexible E-paper Rollable device
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Smart Contact Lens O | _5H Q" E —_I'I'

Daegu Catholic University
Dept. Optometry and Vision Science

Prof. Kim Ki-Hong

Technical Need

Smart contact lenses are currently being tested as a
method of monitoring/diagnosing diseases

« diabetes-glucose, avoid regular finger pricking

« glaucoma-IOP, continuous measurement cf tonometer
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Tear-based wearable medical device

Tear —

Wearable Medical Device

<,

Electrochemical

Physical

o

3

Diabetic Retinopathy

Alzheimer's disease

[[1]] g |

Cancer Diseases

- @

Glaucoma

b

Cornea

- 82 -

| Mucin  Aqueous LipidJ
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Tear Film Layers




Tear Layer Primary Function Source/Composition

Meibomian glands—low (wax and  Enables formation of a thin tear film,
Livid (cutes) cholesterol esters) and high stabilizes the aqueous layer by
1p1d (outer 5 . . % . P i
F (triglyceride, fatty acids, and suppressing evaporation, as well as

phospholipids) polarity lipids preventing microbial infection

Provides oxygen to the corneal
Lacrimal glands—inorganic salts,  epithelium, lubricates the eye, washes
Aqueous (middle) enzymes, metabolites, and away foreign Pd!'l’idt'h and irritants,
proteins and can also protect from infection
(lysozyme and [3-lysine)

Conjunctival goblet cells (and Hydrophilic interfacial layer over the
Mucin (inner) corneal and conjunctival ocular surface that forms a protective
epithelium)—glycoproteins film over the epithelial cells

Component Concentration

Na* 120-165 mM
K* 15-42 mM
Cl™ 118-135 mM
Mg?* 0.5-1.1 mM
Ca™ 0.4-1.1 mM
HCO;™ 20-42 mM
Urea 6 mM
Ascorbate 11-23 uM
Lactate 1-5 mM
Glucose *** 0.1-0.6 mM
Total Protein 5-11 mg/mL
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Condition/Disease Biomarkers

conjuncivitis Iy gammia-2, loukocyte elastase inhibitor, sPLAZ-a, total protein, seram albamin precurser

Autoimmune thyroid eve dissase interkukin-18, IL-6, IL-7, IL-13, IL-17A, 1L-18, TNF-a, RANTES/CCLS, TFN-y

Proboimics and lpodomics, serum albumin precursor, -1 antitrrpsin, lacritn precursos,
Blepharitis bysoryme, I in V lactin inducible protein (PP GUDFP-15), cystatin-SA 111,
t tanol

Kinase, §

R AMI- e protein kinase subunit y-3, tricsephosphate

isomerase, microtubule-associated tumor suppressor 1, heratin (ype 1) putatie LON-1 like
protein, ate dehydn a=e, 1y o2 chain © region, Iy heavy chain VI region, protein S100-A4,
keratin (type 1), pericentrin, complement Clq subcomponent subunit C

S10H (AR,

cid ing protel ¥
per dowin-1, peroxiredoxine3, cullin-4B+ glyceraldehydes 3-phosphate dehy
Pro-MMP-9

Cystic Fibrosis IL-8, IFN-v, MIP-1a, MIT-1§

Conjunctivoch,

NGE, LON-1, lactotransferrin, lysozyme C, lacritin, lipophifin A, Ig b chain, H5P27, B2M
TNFear, M- and O-linked glycans
Proteins: 1 " vin, LTRR4, anudin A/S100 AR, LPR rasopharyngeal
nomarassociated PRI, a1 antitryps cid grhycoprotein 1, 5100 A4, 5100 A11
izaring, S100 A9/ calgranul CN-1, ms i B, lipophilin 1
AL annexin AT, ST, P

Priabetic netinopathy

-6, SCXCLE, TL-10,
XCLS, sILRY, sIL-6H, sgp,
11/I-TAC, CXCL
? «/CCLY, VEGF,
Iysiophesphalipics, T aining diacylghyceride, HEL, HNE, MDA, ey
Meacetylglucosamine, glutamate, , amino-n-butyrate, ¢ 0
phomylalanine

Autc ies—HSI0, HSP27, MEF, Protein 5100, BDNE, imm ulins, PP hysoeyme C
LEN-, lactotrans -al-gh - sbulin recephor
cystatin 5, chain ¢ | g2 chai gion, imm bulin | chain, Ig o1 chain,
MUCSAC, Hey

Glaticoma

Herpes Stimplex Virus HSV-specitic lgA and Iyl Lol ess
Llacw 3 ANTES/CCLS, MMI™T3, NGE [L-6, MMI~9, 1L-18, IFN-y
SFRI e

Keratoconus

“Keratopathy “N-linkerd glycoproteins, cytokines, geltinases, MMP-2, 0,10, TIMP-2

Upper Lens

Tear fluid
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Readout Sensitivity of CLBS

Method Range Readout Time Analyte Power

Fluorescence 50 uM-100 mM <45 min glucose No
1D 0-50 mM <30 min glucose No

Photonic — — -
Crystal D, 3D 0-50 mM 3 min glucose ¥u
’ s 0-50 mM 30 min glucose No
0-2 mM <hundred seconds glucose Yes
Electrochemistry 50 uM-5 mM 35s L-lactate Yes
30 uM-5 mM <15s glucose Yes

FRET-based FL Biosensor

FRET effect on FRET effect ofT

s
g‘—\ ConA C  B-SH-CD < Glucose
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(a)
Do Acceptor hoem
Glucose
o J oo i
2%
; Em‘ta
ConA
Donor Acceptor e
(b) NH, %*
Amino modifled ZnO NRs NS Wy
A THAnHE =
. : CanA SRR
i [ [[][]]] EE—— weacy HRHHE
Silicone hydrogel Oy 0 Siiconehyrogel O e tydrogel

Glutaraldehyde Glutaraldehyde

PIFE-based protein sensor

(A} p=001
4 FlelE@AuNP-CyS
B0 AuNpcys
1000 o
39
Pi¥ £ oo p<001
b4
@ DT
B
i
g NI -
S E
A -
i s - % 3
Concentmtion of AuNP or Flt | @ AuMP-Cy$ [iM]
(B)

1a0o0 4 1 100M FREGAUNP-CyS solution* VEGF 165
[0 10pM Fi L@ AUNP-Cy5 solution+ VEGF-B £}
16000 4 [E220 10uM FIG@AUNP-CyS solation + PIGF
[ 100N FilEEAuNP-CyS solution+ BSA

Flirescence intensity

]
il |
LD

Concentrution [pg'ml]
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Tear electrolytes

A TS/ B 6= 100im —>
i 0

0
A, Images of a contact lens
labelled with 6HQ-C18 at
pH 4.0 and 10.0 under
ambient or UV light.
functionalizing silicone
contact lenses with
fluorescent probes could

even detect changes in
chloride ion concentration

pH 4.0, room light pH 10.0, room light and pH
‘ : E
pH 4.0, UV light pH 10.0, UV light

Photonic Crystal-based CLBS

A . B E
Polymer

photonic structure “\drop-casting

Stamp
s B

—

Imprinted photenic
structure

UV curing

Photonic structure 0 md i
glucose sensar ———
10 M l
20wl ™ |
5 i
i . WM
mi=2ndsin0
5]
g 0 5 10152025
Time (min)

Glucose-sensing/reversible swelling of photonic hydrogel sensor alter n, and shift wavelength of diffracted light
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PMMA contact lens Colloidal Crystal

GCCA-lens

Electrochemical Sensing

oD
Glucose

A fabrication of flexible electrode

r 1 PDMS coating 3 Ag spulteing i
. 08" Ag/AGC) electrode OME e
3 | [
s msulaior MEmbane /' 5wty — P .
Pt electrode
S 1 2 Ptsputienng 4 relsase
PDME membrar o -
~ts s o 1111 P plactnods Ag slactrode.
My st A A
thickness T0 pm ( i = ~
Rexitie gectode

B contact lens-type glucose sensor

enzyme membrane / =il
. = Scnpmcracn o | Sonematos ,
- \ ) Crepe
 ——— = 3 "
GO = PMEH
L=
) = i——
slectioe tlerminal ;
PDMS contact lens 3 over coating
(dameter. |4 mm) FRH

Fabrication process for a contact lens biosensor

Gluconolactone+H202 —— O,+2H*+e"

C Reference electrode

Working electrode o1

Counter electrode
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Temperature sensitive contact lens & — in vivo test

Nanoporous BME CLOj| & £.Z+2 pNIPAM gel loaded

Unloaded nanccarrier T EtOH extraction
5y ad - nanocarrier f Soaking in PBS
T 5 o a Tetimolol Dug loading A aa (24h, 10°C) . Drug release
—_— —_——
BME CL Centrifuging Aagad?® 5 washing in PBS dagaal 35°C Bagggun?
and soaking (3 min , 10°C)

Selvent : DW or EtOH

Ay chal . et

WD 7.5mm Y i

nanoporous BME ZHEHZ Z3F

Temperature sensitive contact lens /& — in vivo test

BHY =LY 29 M

betamethasone suspension™] £
-betamethasone acetate 4mg/mi+betamethasone sodium
phosphate 4mg/ml

ol b " P 1
O3S0 M betamethasone suspension® 150 184

(=]
AFEC ENE FYSO| 29-gauge FAZIE BH FU

2 54T 28 R
-12.5+2.45 mmHg/16.86+3.33 mmHg,/4 weeks

BHY SR SHOM 2ENX g M okt wzl

% “‘

0 »

£ M Fu

E 0 | ' 2

it b
5

i
0

1 ] 3 4 ¢

Time {weeks] - ' g :
Tt iyt
SUY RY YA 452 Ay SYEUZ 2§ & oYY
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Temperature sensitive contact lens & — in vivo test

M =UE D FE g =
H O 7 =

10mmHg

Iommby

Time (days)

Optical IOP(introcular pressure) sensing contact lens &

Pressure 7}

FORIME BX IuYY .

 Moire pattern changes

Ho oret yg

prmm———————

OlM IHEIS] BHE = g

20l IS aH % IMEHo)
OIOIE 71 Jh

20k MHE S0 S WY

ssaY
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Optical IOP(introcular pressure) sensing contact lens & — in vitro test

100 i
T 801 .
=
= 60 I
X
5 40 .
< ol
201 ]
of =%
0 5 10 15 20 25 30 35 40
R Pressure (mmHg)
Moire pattern change Angle deviation by IOP change

Optical IOP(introcular pressure) sensing contact lens & — in vivo test

In-vivo &8 ZA| & 48 o}

Zop2f mjEat Y aga uBM Z3}

4600

UVM Angle (Degree)
Moire pattern change (a.u.)

224 =

I S T
Pressure (mmHg)

-

| In-vivoatoj M D0t T o] wister UVMZTte| Hl
(2ol 2fz F712] Hat Y0 25 )

%47t : 3 mmHg (7 & 10 mmHg)
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ZZ™ (Photonic Crystal) MA-G Q¢ SZ A|AHZ 0|28 IOP MA-ADIE EHE X 7L

1) ZEof W2t Y2tx|ls B38| A OFEE W PEMe| HE gl

A 1
A= 20(ng, — cos® 8)E

: 17
A= (Fes® + (1 = o)

Particle sixe: 220nm, Wavelength: 559nm

Particle size: 172nm, Wavelength: 485nm

2) Azt QIZE BYE ST BEY MW= =H 2%

Aray Z0| o2t BANE FPY W MY

ZZ ™ (Photonic Crystal) MA-§ ¢ = A|AH

mjo
=l
oo
ro
o
)
=
_I)I-_
[>
a
Im
ri
1=z
|m
&
(A
=
ne

Phyatonlr‘ crystal PDMS thin membrana

Hard contact lens Sensing part

= Phatanic orystal membrane Ly "“e"“"-'"* displacement
‘% Silicone D|| -Q-P.:rylene memr(ane \
- .

Silicone oil
. Micro hydraulic amplification Color change according to the photonic crystal structure
Parylene deposited membrane i deformation
< d,
*50G! g
o O O WE ey
A Fy

MMS| S T4 Y U 4K A A A MMo| B B A
Hu2to] wsjof e LAY MAjo] 42 wis

2.4M 45

> HE|2 2EeHA(in vitro test)0flA| 0.36 nm/mmHg
> Efix|et3t ME(in vivo test)0j|A] 0.25 nm/mmHg.
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0] & = (Seung Wook Lee)

« CREACHSD 9ama
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r

AZHZH2 0|8t A|7|sEZ3 0| alof Cist A+
(A Study on The Effect Of Vision Therapy with Visual Sensation)
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VISION

vision

Vision system

=

(

Automatic system ‘ ﬁ

Broken

=

(

|

Problem
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Ocular VT Accommodation VT
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Binocular Responses

Y, .
. ~
; 1 1 Diplopia
~
7, b ®
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e Zero
P W tuned
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l ' — N :
. Diplopia :

X

Binocular receptive fields Binocular responses

o H

2 | “Near" :

Francis & Quarton Et al Schmitt | The neurosciences ; second study program, New York, 1970, Rockefelfter University Press, P4T9 §_ tuned H
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2 :

H

= :

= .

é P

Uncrossed ¢ Crossed
Retinal
Disparity

o
>~
*

_>'-I_

Hot
i
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P AR ZE HE{(Fho| Y28 orF - 3F 63.33 + 48.38Y

> ZIEEQ BH7 8= OHE iy
- ER3IZ4 9.00+£4.483)
P HIAFA|A 2H0|4 2i%ilcg AR 0.55+£0.19
0|8} 2fAlhS Z}E 134] O]2H(9+2.16) OHF 15 = AlZE: 508 M3/ U=

@ LHAIIE(WDAT) 88 9%
@ SIAFIE(WCAT) 58 6

WDAT { Weak Divergence Amplitude Type)
WCAT ( Weak Convergence amplitude Type)
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kAl (Amblyopia)

WDAT 2t WCATS| =4 Hlu

Reaction of prism direction and lens type of optical system type of amblyopia

| [woar WCAT ttest [p  [sD |ED
0.48+0.18 0.66+0.15 2.23 0.055 0.18 0.08

1.50£0.18 D 2.170.20 D 6.53%+ 0.000 0.67 0.10
2.06+0.43 D 0.9640.29 D 5,80+ 0.000 110 0.19
5.67+3.87 A 4.67+1.96 A 0.66 0.523 1.00 1.52
3.44:123 A 6.00£1.26 A 3.87* 0.003 2.56 0.66

*p<0.05, *p<0.01, ***p<0.001,
D (Diopter), A (prism diopter), 5D (Standard Deviation), WDAT (Weak Divergence amplitude type), WCAT (Weak Convergence
amplitude type), ED (Error of difference), ttest (Independent two-sample t-test)

LIOI2H = ==01 CHel af 22t

Correlation coefficient (CC) between age and frequency

e

Pearson CC 0.853***
0.000
N 15

*p<0.05, **p<0.01, ***p<0.001,
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Lens reaction in optical system according to pre and post VT

Paired | Wilcoxon

Post-VT
t test

1.77+038 D 243+011 D 0.67+0.39 D***  0.000 0.001

057D s 220804 00w 000
SUCICECEC N 33841044 D  627:082D  2.88:090 D*** 0000  0.001
accommodation

*0<0.05, **p<0.01, ***p<0.001
VT (Vision therapy), PD (Paired Differences),

QL DHAIY ©

=

;

tol

0] =)

0o
Fo
or

AMIls &8 &-

Ao

Lens reaction in optical system according to pre and post VT

Paired t Wilcoxon

Post-VT signed

test ranks test

BO Break POlﬂt 527+3.20 A 20.87+5.66 A 15.60+3.73 A*** 0.000 0.001
4474177 A 7.87+141 A 3.4041.72 A*** 0.000 0.001
9.73+371 A 28.07+6.87 A 18.33+4.85 A*** 0.000 0.001
0.55+0.19 0.95+0.05 0.40+0.18*** 0.000 0.001

*p<0.05, **p<0.01, ***p<0.001
VT (Vision therapy), PD (Paired Differences), BO(Base Out), BI(Base In)
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28 A

Al = (=]
#E ot Al H=2 32
e Phoria A oD celos) CC atter CC after PFViblur/break/recovery| atter V[ Pre CC post CC
(2 ditance) VTIOD) VT(OS) {4, distunce) {Amblyopia)  (Improving)

a1 25 141 07 10 09 10 15/30/20 07 0.9
55 20 70 09 0.8 10 10 14/25/18 04 10

84 25 95 0.8 09 08 10 15/30/20 09 10
93 25 215 08 05 09 09 10/18/12 05 0.9
84 25 160 0.8 08 10 10 14/25/18 08 10
65 2 80 07 09 09 10 15/30/25 07 08
83 30 105 08 0.9 09 09 15/25/18 0.8 0.9
a7 30 180 09 0.9 10 10 8/20/15 09 10
101 25 162 05 10 10 10 14/25/20 05 10
58 20 110 10 10 10 10 14/25/14 10 10
81 22 1 10 10 10 10 18/35/20 10 10
81 15 104 08 10 09 10 12/30/25 08 0.9
%1 20 98 0.8 06 09 0.8 8/35/20 0.6 0.8

N — XH BtSE 24 2
—= T =2 oT
Angle
Period PFVibur/break
before visiting I'herapy s o CC after CC after Pre CC post G
Ape after CC(OD) CC{OS) frecovery) after
SUrgery angle () period VTIOD) VT{OS) Ambivopial  {lmproving)

(4} SUrgery VT4, distance)
B4 250 1 17 70 04 05 o 08 HY25/16 0.4 08
T.15 350 0 30 136 0.2 05 02 08 10/16/14 05 0.8
11.02 300 95 20 47 08 10 10 10 8/16/12 08 10
973 350 215 16 a7 [13:3 L -] 08 12/25/20 07 08
551 250 160 17 108 09 09 10 10 10/16/14 08 10
835 250 :1] 18 73 05 06 k) 0% 8/25/18 os 08
i 350 105 30 122 05 04 08 08 11/18714 04 08
1035 300 120 20 48 08 10 10 10 9/18/14 0z 10
105 350 162 17 50 (11:3 o7 08 0.9 11/25/20 07 0.9
6825 250 110 16 115 (eh: ] 09 10 10 11/16/14 09 1o
9.2 270 111 15 50 08 0g 09 10 12/20/15 08 09
85 250 104 16 a1 04 05 (] [1X:3 10/18/12 04 08
107 350 98 18 152 038 0.7 0.9 0.9 10/18/16 0.7 0.8
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&% 22 FP

LtOl 2t

coefficient of Age and Therapy period

saJ|2t

—
+&F YU 22

_

Correlation coefficient of Age and Therapy peried

Therapy
period
Kendall tau_b A474*
P .027
N 13
Age
Spearman rho .645*
P .017
N 13
CC(Correlation coefficient) * p <005, ** p < 001, ** p < 0.001

Therapy Period

Kendall tau_b A47*
P .037
N 13
Age
Spearman rho 532
;2 061
N 13

CC(Correlation coefficient) * p <005 , ** p < 001 , *** p < 0001

L EBVET

12 b AFALZY

Correlation coefficient of Angle at visit and After surgery been visit period

Angle at visit

After surgery been visit period

Kendall tau_b ATT*
E 029
N 13

Spearmarn rho 653*
P 016
N 13

CC(Correlation coefficient) * p <0.05, ** p < 0.01, *** p < 0.001
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A comparison of the corrected visual acuity after vision therapy

Pre VT Post VT PD
without surgery 079 £ 0.16 0.95 £ 0.07 0.15 £ 0.15
Recurrence after
0.64 + 0.18 0.88 + 0.09 023 £ 011

surgery

CC(Corrected visual acuity), VT(Vision therapy)

0.004

0.001

Positive relative convergence after VT

Blur point Break point

without surgery PFV 1323 +2.95, 2715 + 511
Recurrence after surgery

-y 10.15 + 1.28 19.69 + 3.86

PFV(Positive fusional vergence)

recovery point

1885 + 3.76

1530 £ 2,62
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Prism Diopter
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A spectroscopic and molecular docking study on the
interaction of lysozyme with diethyl phthalate

Jihye Ahn - Moonsung Choi’

Department of Optometry, Seoul National University of Science and Technology*

Purpose

Diethyl phthalate (DEP) is a widely used plasticizer in order to make plastics more flexible. It can easily
migrate into the environment since it does not form covalent bonds with polymer chains. The fact that DEP is
commonly found in environment indicates the importance of probing into the interaction between DEP and
biological molecules such as proteins. In this study, the effect of diethyl phthalate on lysozyme was investigated
in this study using spectroscopic methods and molecular docking study.

Methods

The fluorescence quenching study was performed depend on the temperature and concentrations of DEP to
identify the quenching mechanism, binding and thermodynamic parameters. Conformational effect on the
lysozyme upon binding of DEP was studied using circular dichroism spectroscopy. Furthermore, molecular
docking analysis was carried out to calculate possible conformation of DEP that binds to the lysozyme.

Results

The results of fluorescence quenching study analyzed by Stern-Volmer equation revealed that the quenching
procedure is mainly in a static way forming a complex with lysozyme. The equilibrium constant (K,) and the number
of binding sites (n) were increased and decreased respectively with increasing temperature. Negative
thermodynamic parameters indicate that the binding interaction is favorable and consist of hydrophobic interactions
and hydrogen bonds. Circular dichroism spectral study showed that DEP has little effect on the secondary structure
of lysozyme. These results also correspond with the molecular docking analysis which suggested that DEP forms
hydrogen bonds with Asn59 and Trp63 interacting with the other residues via hydrophobic interactions.

Conclusions

In this study, the interaction of lysozyme with DEP was investigated. Spectroscopic evidences suggested that
DEP binds to the lysozyme forming complex though its effect on the secondary structure of lysozyme was only
marginal. The molecular docking analysis indicated that DEP binds to the lysozyme forming hydrogen bonds
with Asn59 and Trp63. Therefore, DEP is thought to interact with Asn59 and Trp63 of lysozyme via hydrogen
bonds while interact with the other residues via hydrophobic interactions.

Keywords: Lysozyme, Diethyl Phthalate, Hydrophobic interaction

Presenter : Jihye Ahn, +82-2-970-6225, mindgrace27 @gamil.com
Corresponding author : Moonsung Choi, +82-2-970-6234, mschoi @seoultech.ac.kr
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Effect of Coordination Exercise on
Visual Function Training

0|28 - s1YT - 71713
g7lEd et ot

D=z
=

S8 feo] APAI7} Qi Ao 2, w2, F-eE o] ol 4ol 9
971 gt o)A 45 Al
FAL o 23 19 A) 3 ol Yste] 2, vAA, FLF Sol nH = o] yste] etoprm
5

T w84~ 254 20T o] ARA] SRALE iAo ® £ 23], Y 507, 12~1871H H = AV EHE
SIATH SH 7|7 5 67/ E 7Y AA E-8 52 == Angel in the snow, Tooties toss, Ball bounce, Line

walk, Sunny visual motor, Directional arrow 52 A| 3§ 5} 1 t}.

ol

A

1 ol A7l BRS W AT A B 2B U AVS BAS W 20 184 g RolH 2
A oA, QLEE B R AR A FAS HAT, A F 2FS W ol A AT g 2
o A Wk A7) ERGIA BS e E3ts 9lgict
28

A7) ZRo] A4 5] 24, AL, ATEF Soll EBTL 9SS X 5 AN of71o) A
B £ES Frlokol ERL 1AL 1), 1A L AP O WE Eit UL T 5 AU
FORE A B LES EFU AV)% Bo) ol B2 AT/ BRT AOR Wl

Z=|04: Vision therapy, Body coordination, Strabismus

} : OI=st, +82-53-850-2551, bdokorea @naver.com
I+ 2715, +82-53-850-2551, kkh2337 @cu.ac.kr

- 138 -



zxe uz EED

Vision Therapy g &% ALQYENE NSO P
QT M, AN FH(3R)WU AT

| M

oj&d . o]aﬁ_u]*
g7t E dista <t g5k

= 1 v [e) =2 O (e} bl
7], 7], A4k 5 (BR)TFE] A3 S A B R she}
Ui

2913 L7 ol 13(12.05+£2.804) 2 thAr S
& Frtsto] A7 5™ At & ¥ wskich

T T A7]59 ®Sks A7) EolA o] Bt 7.94+£7.41D0 A 17.52+4.04DE, 24§l 0]
2.86+3.23cpmOf| A 12.3444.90cpm O 2, H A A-8-o] Aol A 3.38+3.83cpmo]| 4] 11.00+5.15cpm O 2 J-9] 35t
SFAFS H T AR ZFe] W= e tANA 0] 86.53+£36.2900 4] 125.07+£15.65%2 & Z 9] § 9|6 SFAS
o, &abA 7] olo] 100.38+19.080] 4 111.92412.500. 2 803} 2| = okx|ul GFAIE: AE B
o} A -85 d 22 102.334£8.779| A] 109.25+5.892 8- 0]} SFAFS: H QiT) QP L& E A2 S~ I 7}oj A
103.46:£23.640] A 112.00£2.200 2, <=3 3 7}o| A 102.38+21.850] 4] 11330421 482 -0-0]3F GFAFS M AT},

ZE

AASER F A7 FHOR AAZ, A4-258S, AFLEHY ANE Fastant. 349
712 2200 917], 47 L A4 S AR A S WHA Aol Yo AV SEDE B
AP S Slskact

I : OI=Y, +82-53-625-6953, scottlee85@nate.com
} : 01840l, +82-53-850-2552, hmlee @cu.ackr

- 139 -



oiCiy2 9t 340]20) 0|83t
BHEY

AL} - ojgol
d7tER st st

2
= "
WEA S} AAGGR Tel3 Fhol e o §ote] ALENE, GoA, AFFES P71 T
A FHE a7 stk
b

FZHE Y =9 A2 HEMA2} MAA, styrene, :Lﬂ Sodium carbonate(SC)E AF-&35FH o0, 7t u A
EGDMA 2}, 7§ A Al AIBNS A]——Q-ﬁ}@] Casting mold W 0 &2 & 231519t AAUYEFE ZHEH =

JFAI717] 1 PN S AL 90 m, 24X 5 e Rasalch AR} s xS B4
ol 8ol BT T AT IS, 457, QBT D 0 FAFE 2 Heolch RATIRLE 27
Al B9 EAIS A0, Fd0l £ CaCl2E ol S5l

2%

WEAL Y ARE AZAS A G AR M NYL 0, L OF 2u), AAFEUES
AN A SIS 00, YL 1612% Gof ek A% APFE WA Sotack Fa
3 S LREEALS S O BRA VL BIHE A BHT FEzo] FAshgOn], Sy FHFo
SRR o) W2 A U, WS, G T o ol AU AR A
2o B SHS YERQon, AP E B3 FAE
Z2E

WEA G AATFFE A7LE QA5 B ™o WEF FHHAO Y, FHol e Alstel 714
A A FHES Akt hBA Sto| ERAo] FHol L& AAFORA 2 G RI ALE
g, HEAS ST HFolE ol TUENR AR T8 P 5 91 A0 BorEy

gt 2 Kb LK™, +82-53-850-2552, sldspdiai23@naver.com
WAIEXE : 018401, +82-53-850-2552, hmlee @cu.ac.kr

- 140 -



QUM 2A0[|20| Ct2A AlZ|ASIO|EZ M AEHEF A
oA 9%

ue
™~
>
_\:‘_l‘
ol

B
o
fo
o
i
2
it
o
ofd
ox

>
_‘L
o
I
u
i
Pl
)
Im
)
[N
il
2
2
Q‘L
2
aj
s
o
rfo
o
i
o
Im
i,

g3
= o=
alginate= AT A7 T 71 A H HEES GAA 7] S5kl Na', Ca¥* 5 Bl eg 2FA A 2o Eq
zo) A5 H7HE 918 g AARTE, BETE, A5 B A S, g, BU S el

4 B4e 259

o= .
£ APARIE, S84, A F33 e BA o U AT AAT I 4EL gastct. B3
ARE PNFO RN P EE TG 2 BAEC) U8 FHHU. FHoleo] FhE A=A
Lol e} FAE QAT R, ALERE, oA 0 Fastyon] td 3ol Zrhstect

gt H Xl : =8, +82-53-850-2552, hanghing @naver.com
WAIEXE : 018401, +82-53-850-2552, hmlee @cu.ac.kr

- 141 -



D=z
=

=
o

do
ﬁ
(i
K
2
e
o
it}
Lo
4
ot
i mlo
ox
lo
Hu
=
4z
o
M
=2
o)
>
o
l-‘>~
fllo
)
o)
QL
N
(S
L
B
>
i)
[
=2
i)
gl
o

74

iz 7] o 1374 53] 2} o o] 4 of
58 ARz AT A Aol ta] 371K B3, 2] 2o T2 B Ee o
of. AR AN 20199 89 SR E 89 23U 71| AN 5F R 0 545 A EA] S005E E Ao 85T

2%

A1 419 2| Aol Thak A B A, AL 9] Alo] R LEAK95.4%) T = £AHO38%) S ST 4 Glrk
& 570 AL AT Qi Ao ebdth shAw AR A 2|42l SFP-509] A4l Apere e
35.8%1ko] i Qoleh x| Alo] w2 ol tiak ARo] A Qluho] 83.8% 19|41 ATHA S opelB 5
ot} SWo] ZHat W Eiz uf ol ALY, 30% ALEEHA] =t T ghalglck. wh o] ofule] 32.7%
£ Aol A AR S ofelBEol Lt Mo] et W EL i AT, 34T%E AFSA| Tk
ST 5% Y oFE 0] 43.8% = ok e EHE ol Lt Hulo] 7ok W Ei= v o) ALBET, 6.8% 1 ‘AHESHA)
orth I ek gleh. obuho] 86.5%, §1ute] 89.4%, obE 0] 63.0%7F Al FekA g 2geta QlodTh Aot
s #gol R obmhe} iup B imo] WA (okmt 44.6%, At 42.4%), ‘AHel A xpershel mm(obuk
42.7%, AT} 38.6%) <02 AT MIFets Hg A7 S Bl ARk ot gl mE oy 5 5
5k o 2-g(obuh 45.3%, U} 44.4%)", “F 2 28 (obwl 33.5%, 910} 41.5%) <02 Hahglct.

off
il
1o
P
4z
ofl
filo
)
o
o
f
>
o
20d
B
sy
=2,
)
<t
N
>
i)
i
)
It

i

28

Apol o] W R e} o] AR Frhs AL B YT YAAT ARA AL BEG Ho weE
LS o]
m§

L A0 eht AT A E 2194 S
AR A A Akl S thako 2zl Ao]

St T A 2AES, +82-42-670-9286, kjh9286 @hit.ackr
AKX - 0 8, +82-42-670-9236, leehyun @hit.ackr

- 142 -




HE|EHAEMEA CIA[QIO] M2 QQE FMIO| Ato] H|

L
w dishA 309 (127 26.33+5.424], o] 187 22.22+1.004) S Ao 2 + FHo WE 2L ZHE
=5 b ol 22} 2h-g-5tm 5 sk qieh. Ao Hoigt tist o] B+t 2 d ol dehd o B+
Q-0 -2.79+£1.96D, Fet -2.35+1.75D0| gl o1, o] T O] 79 9-¢F -2.31+2.34D, F<t -2.13+2.15D0] ¢l t}.
Ao ALgR HE| A FHEf 2 B 285 SAUA o R 485 S8 o] o fEF o
AUth H&F ZA o] TR Easta Q7] Yol 2o WE T3 A7 FFE FeA s
el A Ao A 242t BlaLst e oA FEE = A 85 2d | 2ol 5 Bl st
7] 913 P85 24822 0.00D, 7Y == Lowsl Eﬂi—% o]-g-33lth "= 2H-g A U E ol A Z- o]
FRE A T 2HONFAEE Hlasto] A FH R A FEE = &5 FE o Zol7t A=A
E vttt 8ol e e T3 Avl= As2E UAM (POTEC PRK-7000)= ©]-8-5}o S35t 2
o, Z A o] A == 0.01D step O 2 Z A3 T KA o] AR5 TH
2

A AdEH A CAF 2 E ZE3 94 A= e A A o] -2.66£2.03D| A A&
2.77+1.96D2 &-0|3F 2ol 7} ¢l th(p=0.151). DA} &l 22 2+831 #oto] Ao 240+1.90Do]| A 2

5 .1.94+1.72DE &-0|3F 7H A7} 91 th(p=0.000). &F 2] AFE| o] A CA}F Bl =S 2F-8-3F Sofo] Ao
£ A ZFH o] -2.7542.02D0) A Zg B 2.79+2.12DE §-2|3F 2}o] 7} 91 2l th(p=0.691). DA} &l == 2}
3+ 7 oko] 7= 2.48+1.90D] A 2§ B 2.04+1.87DE G-9] 3 727} 91 2 TH(p=0.000).

ob 24 oo 4w

ZE

FUS 28 GRS Be T BRAE AR AL v S ele] ohef AR T Y
Aelo] 79 FHYT 1S 5 9O B R HF Aol A b AFo] At A 2 AF 1ol
sk gt

} 2 OlAD], +82-42-670-9286, young080410 @naver.com
|+ &S, +82-42-670-9286, kjh9286 @hit.ackr

- 143 -



g - 234
AR A st 7 g3t

D=z
=1

S SHA Soll A1 OFZFE A AN 52 O B oL A B2 QFobm 1 Bl
7

' hEHA S0 (' 30, o] 208)& A0 2 oI A S ST AFol A
L g 22.93+1.914], o] SRS 21.60+1.704 Gt G o] HF T ZFHO A E L -3.54i2.88D0]I’_,
1

l

Hat A A EE -1.09£1.03Dth. ot o] ot LHFHO|AAEE -1.86+2.16DR T, Bt YA A=
= -0.60+0.89D S t}. of7FZA o] AL 93 ﬂEﬂ-(Mohmdra Retinoscopy) &4 A & o] &3
o Qyhzn Aol A 28k A AAL T QFA Aol Al A W& A Wsto] oAl RS A4kstel
of. 3| A ARl A S0emol] 1A g A 7] BulS FAISHES BHT A 5HA] gk g Aslah Abeo A
AABHE o] FARAY ABE V|G FeS AUE S5 99 Aol A SETF A
¥ A4S AAs et

e

AXNAE BA T AAEE oFF A 7F (D)3 BE 0.00DE U A= 50 F43o|glon, o] 59

OFZFI A L +0.1320.19DE eI 472 A 9] 3F 467 O] Bk oF7hL A S -1.18D+0.60DE U}
Bttt dWbA o 2 o b Al Ao A AA| ofF AR 12 H X AR E}% 71%& Agsto] (3t
oA -0.25D7H A 5 OFFEA] nHAF o B FAT 1= 5078 Foll Al 878 o] lem o] 58] Ht ofth
Al 5F2-0.06+0.23D = LHEFLTH 8 & A 97t 4278 O] 3 ofhE Al -1.27+0.55D = L EF L)

et

%

ZE

Aol Foleh tsh F 16%0) 4 oFzEAFo] A om, ofF AR QIS BHE sadTY
A5 oAl %% 712 0.% Ffof Shek. ofzh Al A A oRFTAIFY AU =S} Ayt o] =
2 9F-0.50D~-0.75D A =7} 25| ofof S ok 4= 9t}

Z=|04: Night Myopia, Dark focus of Accommodation

o
o

&I

0l 8, +82-42-670-9236, leehyun @hit.ackr

INE
At ZAS, +82-42-670-9286, kjn9286 @hit.ackr

F_HIIE

- 144 -



