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She AL B 4 o, Halm P4l LED He) wigol 6:3 A W, FHAo] ME =
AN el Aol v EFAAL ¢ 5 UL oldF ABAAe R W 0
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T & 9e.

3. 7|1& A EAAE LED =9H9 JFFA MAES A 7l 7de B84
(<& A4 &3 Emerson Enhancement Effect)e} 2]& A

- GBal FESHE Wl v P BRAY B A YT e dE o) M,
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(19 12] A At (= Govindjee, 1963).
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T 9547 MA EFsoptt vy d4E4AV 25E F UdSS 9HFRef. Plant

Physiology, 2002).
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light on light on lights on
Time (linear scale)
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o, F&3E dsiAs A Cd 7I€RoHS 14 wHoly, 7t=ds WA & LA

A7 FHE olF J. 53], hPA T3S NEErt 53, A8 =
o] 54, P YT coreq] NPRte 2= W3 EAdo] =X o}, shell +% 2 alloyol
g A7 s JPFHIL S

AFALEEo] HFIEEA BER 24 ¥4 7le NE

CISAl #g5t2 CulnSo] 24& 7HAe E4ol™ nPAl 85 vi7iA 2 viZl=EA
AL i FAFY stUE, FAEEC] JEFAY vuste B+ ¥t ¥4

o] Yo =M EOo=E ARG F& &AY. ol MBI A HE ~2FERS VM
F= g g3 vz A A= 5(CRI, Color Rendering Index)”
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Journal of Crystal Growth 326 (2011) 90-93 1. Am. Chem. Soc. 2011, 133, 11761179
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FHGS FASIS. A - L A, 37 Z2=3 Yol CIS 42 A4 o
Cul, In acetate, DDTS Y31 &uwZ l-octadecene(ODE)E Fd3lx, L W
MAE AASEAL of22 AEjolA 210CE 7FE 8] heat-up WS =

oo
O 2

i
ol

Core AS Fr7FAo =2 7nS shellE %7 Y3 Zn AFAZE Zn stearate®} DDTES F7}
FUsFA 220C A A 2A17F HESAIA HFZH o2 CIS/ZnSE A 3HA =

Ar Ar
Cul l
'“(AC)B N\ 7 Culns,
DDT —
t
QRE \ )Degasmngg a
75°C 30min 210°C 70min

'\r

~Zn precursor

J.
DDT J CulnS,/ZnS
\\\

R.T. 220°C 2h
(19 17] CIS/ZnS 34 A%,

Core | QY : 46% at 660nm
Zn st. 30min

Zn st. 60mi

PL intensity(a.u.)

500 600 700 800

wavelength(nm)

(29 18] CIS/ZnS¢] PL ~HEH,

- CIS A"5te] shell '%“4 Aol & AAE EBHH, A Alzre] F7igel weEkA PL
intensity7} A Z718F &, 2A17S 71H o2 FAaStE AL #FAAsAe. ClS/ZnS+ Ha
Fg §8o] 46%=, CIS core 7|22 725nme] PL peake] ZnS ShellS Aol whzt
A blue shiftd}e] 660nme] PL peak EA4S HE 2. o= CIS/ZnS §A oA ZnS shell S %
< u Zn* o]&Eo] CIS core W& FAEHA cored AAZS F7|7 EEA Ha &



A 4 @32 <13 PL intensity®] peako] blue-shift s} %=

- 7n acetate=

®:S*
@®: Cu’ orIn**
@®:7n*

Photoluminescence

800 1000

J Park et af, J Mater. Chem., 21, 3745-3750(2011)
(2% 19] Shell A8 A HEFSH= Zn2+o]| 23 o] wE blue-shift A4
- CIS/ZnSe] ZnS shell& AT wol, Zn A7 W3l w2 O‘EX}' &9 ¥slE <l

93all, Zn stearateE th4lsle] Zn acetate®} ZnCLE F43dte] ZnS shellS FA3FL. 9
2A= Znol B0 e "©AaAES 71017} 2pol 3= Ao 7 7Zn stearate’} 7 A,
Zn acetate= # oM, ZnCle BA2AIESS HA5lal JA &5
i X L
.Zn
CHa(CHz)1sCHz™ "0 |, Zn HC® O "O° "CHs

Zinc stearate Zinc acetate

[Z2™ 20] Zinc stearate®} Zinc acetate2] &x}4].

dol A3 CIS/ZnSe ASET #-2 shell &4 Al

7499, Zn strearate?]

Zb 1AZERRe] H o] g §85 YEAS. ZnChe 7% Zn acetate®E Tk T wWZEA
& Hi ZE&ES G4don, oF 3736] '&o] TA3AS. FLF 88 7Zn
stearateE ©|-&3to] shell& %3S A97F AY &=%om, 36%% E&S YEIIS.
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800
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wavelength{nm)
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(29 21] ZnS shell®] AFA(Zn acetate, ZnCly)=}o] o] w2 PL intensity 3}



HlH Zn acetateE ©] &3k shelld] ¢ 50%, ZnClhel A9 42%% w9 *o F8S e
WS, B A&e] Zol7t #e42 7nS shelle 34387 93 ZnS monomere] 3HA &
S7F wepR| o o]of] whel §43] shello] o W& AIZF Yo Hi B¢ & 2A4s
U B4 2o 58 Al 2 AR Jdd.

- 620~630nm9] RED PL peaks 7IA= FHGLS CISE AT o] nd+A, S A2 <
AdAsHA st=, Cu AFAe s =l wet PL peako] ©obd o =2 blue shiftste

CIs > CIS
- Culn=1/1 | '@
= ——Culin=12 | @
A ——Culln=1/4 | €
8 | o
% o | Culin=111
a @ Culln=1/2 | )l
5 = Culln=1/4 | |
- @ | f
£ / e
oy
400 500 600 700 800 500 550 600 650 700 750 800 850
Wavelength (nm) Wavelength (nm)

[29 22] Cu, In H]&<] @& PL intensity 3}
(Ref. Chem. Mater. 2012, 24, 1961—1967)

- CIS/ZnSQI ddolA, Cu A7FA% In AFAS &S |sAA 7FaAA01 — 0.7:1) HE}
= Fou, FAEEQY)0] 6%2 wA A3hw. 53], FHETe AAgAoly Y F,
KX

5 FA Al ARG EAVE RS 27 AEe IAFsHA FUE

core
Zn stearate 30min
Zn stearate 60min
Zn stearate 90min
Zn stearate 120min

Pl. intensity(a.u.)

500 600 ) 700 ) 800
wavelength({nm)

[2¥ 23] (Core) Cu:ln=0.7:18]-&-o A 2] Shell A4AA|Ztel w2 PL intensity ¥}

L. InPA ¥ER9 &4



9= InP core

1
o
fru
2
o
>
ofo
ok
=2

Shell

(28 24] nPA A" el Core [ Shell 7.
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[Z2% 46] 80C Blue High Flux 84 &4 A=

2h) 28 229 Bead AHE-S &9 BEY (Y 7HA

T MAAS fal, A 7P F83 &9 A"t 22 A
AYT BUe AGY T AU 2o A5 da ZnSush beade] P = sho)
g9 = Q
= L <]

e}
o} 10mlell ZnSt,9} beadES Z+7z+

[}__\Z_ 4] ZnStZEPJ- beadEI ool:oﬂ ]I:l'% oo]:Z]’ E_%

Hollow bead
Quantum Yield

0.2g 0.4g 0.6g 0.8¢g lg
0.2g 51.75% 55.2% 59.84%
0.4g 54.92% 56.42%
7ZnSt, 0.6g 46.12% 56.71% 60.32%
0.8¢g 58.23% 55.16%
g 55.62% 57.16% 59.01%

A EEE beade] ol FNASE FHSHE AFL BAOH, Znsue Fo| FF T4
F AU 2L ARG W= ZnSt, 1g,

- Beads} ZnStel F9 ¥ HAe| oA BES AUV F, VYo HEo| BE Px

2] P&
&5 Y s. AEHRY FEE solvento} HFEHTE Ao HlE ZH=E AFSS AL,
ZnSt, 1g3} bead 0.8g<



[ 5] S s&o W& A &8 vl

D QY (powder)

CHCI, (5ml.)
AmL, CHCl, (6mL) 1g 03g 2
3mL CHCl, (7mL) 1g 038g 53.9%
2mL CHC, (8mL) 1g 038g 59.7%
1ml CHCI, (9mlL) 1g 038z 66.5%

5} solvent® Ap&3F chloroforme] Al7bo] Ao wleg} Z=W3lHA| okx g8 =
St Aoz Azty, dutx oz EES AT of solvent’} AEolEt® EASHA HWA 4
2 a8 FAaIIHTIE BT SESA W A §80] FUeleE AR dEA Jor,
2] AFAAZE ol FAGE EAE B
-—-—R_T
47 e 85C

ﬁ

o
©
1

Quantum yield(a.u.)

0.4
0.2
0.0 T T T T T T T T T
0 10 20 30 40 50
Time(day)

(29 47] 2= wE A" A 589 3

2] =4 EA(0)3} bead) & W3+
o] 79| SiO,¢} Hlwste] =7]7}

3]
o T
2 2o AA e siglen, ojd A"GY] WFe FY 7 e =242 A9
b

(i
il
i
ftlo
L
2
_>|i
oh
s
dlo
o}
@D
o
(@)
rlr
N

I

ead= SiO,, ZnO, Al,O; halloysite tube % Hollow bead 1. ZnO+= 5uxm W&
7FA AL Qlom, Wurtzite +25 7 . ALOs= 10u4m Wl F715 71A
3 o Trigonale] +x& 7IA 1 <. Halloysite tube= A|&°] 30-70nm, Zo]7} 1-3
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[ 6] Bead ¥ ¥4

= A 2E SAHAN 71EY AER
, halloysite tube= WH7F Hlo] 3

. Hollow bead &= 40nm W&ol =~7]¢}

ul

=2
o]

M (2 Ao

o
29718 W

Z 8 Bead Zn0O AlLOs

halloysite tube

Hollow bead

FAEE(%) 38.6 36.9 57.7

66.5

TolA AREAE SiOp9k thE
Si0y, Zn0O, ALOs= EF

- =T

N

1&
34
- Halloysite tube<} hollow bead&=

AR = F

zAste] 2 ]

A
KeN
.

{0

O

FA HEE Hol:
shel At o)

A~ = [e)

Szel T
gels ngke.

= U

H w3 =
o O
==

[ 7] AE G} bead®] Bl&o WE &

Halloysite tube
FALE E&(%)

1=
=

AEHHI] &) Bead

AN

Hallow bead
F 2 E&(%)

1 0.8 or.7

1.6

—

1 2.4

Hallow bead®] & HA3F stPLd= B4t AdAaE&e 64.5%
beadE o] &3t AT ELS A & u, 277}
S F7E BY" BFe MgOoo® =7|7F 12xm A

24elol| A hallow bead®} MgO<] HI&L 111 o2 3HS o
71.6%2 SHEU=.

& Apol=
450 &7

P4 7171



A% AsA Y w5, A
2 ASE. olm 7L
=

ol e AATE 54

_>L

& AR A B =Hol o] FoiAT BT =
el AZS AN 7158 29 ABAY a8 =
Al Aoi7t Ba g,

e ATAE B A7 242 nEALA, ofadA, dUEAS Teo] son, 1
AdEolA 714 & ARE AUW ofZBA WL At BEL AL

ol YA #Hx& PDMSO| wvlsl| A3 $ AErF Eomw, 7] oA HstEHo] A
gl 3 Aging Ao we} FHMo® Wkt Folr] gyl FEaE aH}E FUMIIE
540 sl AAE Aging Test ¥, 7]1E AHG FFSolAM Alxte] ZAagte] me} kAt
A& PL Spectrume] ZAEE A4S HIou, ofmadA #Hxls 31%-?‘& A5, AL A
I3t whel 23]y FAE LS PL Spectrume] Intensity’} S7F=+= Aol Rof A,

2=
s
£

rl

FEG B8 A zHAAHNA BeadE HE3t9 7] W&ol 71220 Acryl Bead= #8535

ko™, Acryl Beadﬂ ZE&HA A FHANAE o7]EFol| Haze S54do] FofaL

Oﬂf‘i«l g FUEE FoJEy FAo Scattering 722 53 73 F B §
=o°] #

l-ﬂ OE, &1.,.‘

& A

O

Az es F2 2937 Y 23928y dEAR UL F L3519
xﬂl}s}%‘u a8y U FEHe g, d4Y o]

o MLbtomx
HJo I =2 18 o

(19 48] EEA=Z41] (2:Spin Coater, <:Screen Printer, 9-:Blade Coater).

e EERMICE

Blade Coating 71&< #-83}l%2. Blade CoaterE o] &3 HE2 =
2

uho] #YatT %XJAWOI A7 2880 Asgde 2mt e 2
on, % 24 ¥ 41 AAE 2AZAHET D4 21957 wEe] BE AFAIRI)
AzE s ol L.



(3 8] FEAN o FFol wet WA= HEaHo] SHF
ZH[|H Sp|n Coater Screen Printer Blade Coater
28 % 17gE 58 | 28 % IvdsE 54 ZE o nrds
PNYS| K] AD M2
eF NERSE 204 AQ M2 el =
[ | 1= 5 ':I';I- T x]
SAH ST} A8t FAHZ=ZE A
T | 7IM7Ee] 2HAE| E2 | ZEYEA o oE | 1Ute| FH| 7EH|S
HAEof ofst 37| AT MAHsE0| =&

- Blade Coateroll= Z¥ FAE 24T 4 A+ vlo]Z=Zv|E 7} Blader &Fetol] A2kE o] Q)
o, ¥o] "o ulg} Springe] AdHFo =z 2sle] Bladeo] =ol7} WalE o E3}A7=
EHo] FA Folo] g -] 7hsd dHtd o R ofmadA Hxlg 7w EE5ES Az
3l7] 9JalA 400 X 460mm’e] 1A 7] ¥HGlass /| ¥HAFEE wE= PET Filme &W3 %,
Micro meter %°]& 150 xm=Z A A, %"“& Blade & £o X3 & 20mm/se £E& =
HS ss. F"o] ¢59 ¥, EE5< Ovenel ¥l 60ColA 1023 €48 & 7]#9

FoAd= WA st Glassg ﬁoﬂ FAE sl T 60T A 85C = 104, 85C o
A 110C 2 1087 I8 AN F HFFH oz 110CoA 13HCTE 502 A4S 4
AlEtA S B Aol s

@ AYSA 2Y, 7|7 24| @ 7|% Loading X
. Blade #0| =3

______________ ® 2% Ux 9 [
- = HEEM uE

{!} 7tﬂlﬁ&§

@ UEEH BYSE U Blade
O| & (Coating & Al)

(19 49] IES & 99 34 <4



[23 50] A|2H3F 365 x465mm® PETE W=

7h) RTR 7|9t ¥ES TF Wi A 71&

71%& AYgt AES A& dujo)|= blade coater 3 Screen printers o] &3ko] A 241

- 3z d x| CPRIe] 3% Roll-to-Roll Slotdie Coating Al2®l #AH]E o] &3 FoFag
gk 9 Rolle A&e92.

[ 9] 9895t H& F®8& RTR System FRAY
& TR ALY
e FH &% : Max. 10m/min
e FIE IE = : Max. 350mm
RTR e 8 IHEY TE ZF : Max. 310mm
FAEAY | 9loly =7)(FA) - Max. 500mm
o &A™ . Max 30kgf/cm?
e R AZx7] Ao &%: Max. 150C




o g iz

2 o

- ZE &9 FF HAE Eo17] st €Fuelg FH% FolE AN E. B AIZHS
#F-9 ®olE Ao} ste A7 A7 £xto] stdFo] fXst s FE EHE 9
g3to] Rrtole] golg 2ol ThE T

- 24 A, 623nm e QD Powder(89.799)= SiloxaneAdl &7 344 (4.4kg) 2} 2wt%«] 3
T2 473 %, Ceramic Bead(®7 10mm) 1lkg& EH|ZE 870 Zo] ¥ 50rpm9]
&S 2 Ball Mill Aulol 72A17F aRkste] QEA A QL BAVGEN Y] HeA| EFE&HES A 2s)
A
[ 10] Z&AR Y T/ wep HAEHE HEFH S4%

Siloxane S|4
Material QD Powder . et Ceramic Bead
Base material Curing Agent
F4F @ 89.79 4,000 400 1,000

- AZ" 7A3kA= Roll-to-Roll Slotdie Coating System #nv]o] A&® Z 350mme] ¥HAIEE
9] SlotdieE E3ted 188ume] %oldlA 15mi/mine &%= YA A FYHYOH, HhA
45 ol$4EE 03m/ming =22 9325, R Heater 2% 805 =&l <F 100m
AE o], 120ume] FAZE HEo] AZHAS.

- FEe] FULE, &RTo] Eo|, I8 £EE I8 B g WA FBAL
glome, 4gd z4o] AU B AT ML IR FYXE 15mL/min, EF
o] &o] 130um, ¥ &% 0.3m/minolA] 40um FA(FAAZ} lumeld) ZEIZES A&



- AEHoR AW 249 FHORE, ligand Ao}, ¥
RTR7|%e] QD BES AR, o] & AWGE HEx3

QD Colloid 24 A 14 2HPd =t

&k
e %‘_?w‘

A
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- AAR BEel U AP A8 Badeeh FAHAY Hol
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g B3] 95t
9

59 # 350mmeoll A O0m, 15m, 30m Zoje] siF= = A Hl gk F 970 e PointE A4
3ty Spectrophotometer (Konica Minolta, CM-3600d) &HlE T3 360~740nm<| 7}A|gA
e digk MAEE A, 550nm FFHGANA e #LdE HAAE ALlsle EEHYLE
545 FUdssl=.

"

[C1¥ 54] Roll-to-Roll 32 Azd HHG dE539 dEALYE EAAHVIE 2138 9-Point

130 T T T T

Point-#1
Point-#2
Point-#3

120 -

110

100

Point-#7
Point-#8
Point-#9

90 |

80

Reflectance [%]

70

60 -

1 1 ! L '

L L
400 450 500 550 600 650 700

Wavelength [nm]

(2% 55] At TR E4HdH, d¥%E 54 A
(&: Spectrophotometer (Konica Minolta CM-3600d), -~ 7}Al3% 4 & ol /‘1«1 HAEG &
9-Pointel] &t REALE AE A

1:1_._',

- Roll-to-Roll ¥ o2 AZE A=Yt HE 9 9-Point A A A2 550nm ¥HAIE =AHZHS

Ao @ FAE AF AT, 99.14%0) W9 S5 VEFYE B4 FAT 5 A9
& o= ZRAF A§ A, BAHL BEF6] G2 FUF S0 u$ n2oks 3
2 ojmsu, AFAE BANA IAHD FAF SHL Uehd Ao 7]



(3£ 11] ¥t 252 9-Point x[Fol|M o] HkAE 574 5l #d = th=d 3}

Point # 1 2 3 4 5 6 7

Data
85.17 | 85.17 | 84.44 | 85.61 85.9 85.07 | 85.36 | 85.11 | 85.68
@550nm

(2]
©

Min. 84.44 Max. 85.9 Avg. 85.23
. . Max.— Min
0, J—
Uniformity(%) U= 100— oAy > 100 99.14

3. QD J47] AAEaA 7&E ML

- A7 AEE -G 2A47les Al e®, LED PKGel &A1 F3po] 7hedt #oi7]
AERE AZER S HES 252 AT JP TEAME BAq7] SA4Y e dd
= 7ML o, WA ES VAR ARESh] el Hstd 2WelM e B Rl
Hgol og7] wZel A&l AdHolgE EAE 7ML U= °olE 1%3}7] 8k,
ojw gt Feje] x=WAAME HEol Jhed HG A7 For] AEF A N

(3

3=

>

PCAL=
A-lﬂl AH_HlII-

UV Lighting Exposure
(1min)

[Z1H 56] A™HG A=) A2 A=

4 AEstuA sh= 2HAFS LED PKG Sizeg 7|Hte 2, AMZ Y a7]E AAT
2o AES A A s AFAVE Yole sEx9 AEAe AFshr] falMe €4
kA Z1Hke) AbEA] E=7F 2o, A & Al A AlZretaal sk e =l
k=

5730 size®] LED PKGE F= A}g3}3lom, ojo| wet LED PKG Sizeol % -87}s3



TFAo) gF7] 98t 7mm x 5mm x 4mme] Z72 AAEF Z7)1E HAATAS.

AFEI) A Zo] FHlE %, 100mm x 100mm =7]e] Petridishel Base material¥} Curing
¥ PDMS ZAsAE FYsta, HEAZE AEHS AT 4=
Fezol A 24412 A S-S %sﬂ AE BT BL AR EA H
7 BE9 o7l 28d F 7] o HH FololA &g 4

o

2

_4

rld

AFZE A Eo] B e FHIY A B4 A, EYAE ol &St AEH AES

= a8 UV AsA e InPA 623nm 33
9] QD PowderE 3wt%® 412 %, Dispensing AH| S o]-&3to] 0.156mle] YA3 FFS A}
=7 AlEol Xﬂﬂﬂ FE e AYEL &, UVA §‘r 1& o] g3t 50 mW/cm® X 60sec =

A8 A Zol] AFR-E UV 7 3kA| = Miracle Resin #A| 0. &, 7]501]L Fogoz dg A}
| AFOoE2A, FE Ho=E Algo] 7t HAEY 5% 7HAE FAREE VA
3 ow, At 3 Yol Asta, duF oz gE UV AgARY At AHS

ZEA DL A7) el HF AAF A Fe] A EEH A E

aga A EX9 7Rl SiloxaneAl @7 kAl PDMSe} Urethane Acrylate AlE
o] UV AsAlE 27 o2 75715 7FA 2L o], QD : UV A3}A Dispensing, Curing &
] o= A2 24 ¥ gA "HoA= A4S AYL U5

4 A% BEF L AE2AY BB Y NPR7

A e Z1HEE AT PA RS 240 A GRAYS A AT A 2ol
AYsPOo, AT £AE BES ASATR &AL B YY) U SHL
B 7H5H -

A HIlel AHEH ARG B3 AEA AES FFE7] 204 AH 60C F
90% =7 1,000A3F =EA AW, oF 150~200A13F A S 2 Blue 450nm 047] S 53
o 71" "] Spectrum AR whE Intensity 748 2 Power Drop A4S 53 5<_7]—,—E-]
1,000417ke] A wk-& wjeo] Data #tg vlnste] AHT BE9 EA4AS A4E AAHoRE
gl =

b A HrE AL 20199 % 8€ 264 HE 10€1197kA] oF 1.570€E 7]17tell 23 =
L. FEHG HEL 6% WEAFE LED Downlighte] <z o A Xx¥ Blue 450nm 3671 2]
o= /‘}%’3}013”‘], By AFE7Re] A9, PCBY ol 450nm LED 1270 <
O



Temp. / Humid.
Chamber

Integration Sphere

(29 57] ARG 2F, AE39 A bl AHgE 25 71ED), 279 2l

: Blue 450nm LED Downlight (36ea)
]

Luminous Flux 69.9 Im

5.0x10° |- % " 1

oo’ | < /. ‘1 ] L. Efficiency 14.0 Im/W
3.0x107 |- \ / \ A
2.0x10° |- =y e 50W

[0.1556 , 0.0282]

Intensity
-
5

400 450 500 550 600 650 700 750

Wavelength [nm]
4.0x10 T T T T T T T
! = ITILCET R Blue 450nm LED Board (12ea)
3.0x10 B
» 20 / 1 Luminous Flux 27.6Im
E 2.0x10 “ ® E
E o g% | L. Efficiency 213 ImW
1.0x10° | . R g
5.0x10 1.3W
%" 400 450 500 550 600 650 700 750
Wavelength [nm] [0.1557 , 0.0263]

(19 58] ¥ €&, 94

5

AFE78 AWZ2] Blue 450nm o 7]33 EA.

- InP QD Filme] RT60C & RHI90% & | & Aging TestZ o wr=w, 1,00043F o] 7
I Fo] %7] =4 Datag} ¥l dHS w, Blue LED PKG 449nme] Intensity & 4.62%
ZaE9doer, QDEE] 93] TAEE Red 623nm 3329 Intensity #-2 8.02% T4 E
2o R FRAHAUS.

- =3 5Y3 g /| £ Aging Test 23, Power DropRed)e] A$ th29 F£21S& Ealo]
Data’7} =&= %o, 7] =47 vl 1,000A13F 43 % DataollA oF 3.37% Z4aE &



Intensity

Power Drop (Red) [%]

25¢10° -

20x10° -

15¢10° |-

1.0x10° |-

50x10° -

0.0

(19 59] A5t

| | i I
400 45 500 5% 600 6% 700
Wavwelength [nm]

70

(= Initial Conciition (20190826)

|—— +110hr (20190002)

| #3300 (20190011) +0hr 2019.08.26.

|—— +547hr (20190920)

|~ #7071 (201!

e, +110hr 2019.09.02.
+330hr 2019.09.11.
+547hr 2019.09.20.
+707hr 2019.09.27.
+1044hr  2019.10.11,

Degradation Rate

0.02339
0.02272
0.02211
0.02251
0.02228
0.02231
4.62%

ZE9] RT60C & RH90% Spectrum H]nl

110,

100 .\,’__.‘.__,\.
00!
o +Ohr
i +110hr
60
™ +330hr
o +547hr
30
20| +707hr
s 0 40 @0 8w 100 120 +1044hr

Aging Time [hours]

(13 60] ¥Ec

0.5254
0.5177
0.5084
0.5091
0.5027
0.4983

Degradation Rate

0.7981
0.7750
0.7726
0.7665
0.7538
0.7314

- TP QD AFZ7e] RTE0C & RHI0% & | 45 Aging Testd o]

743 3o x7] =4 Datag} vlnst%S o, Blue LED PKG 449nm 3}79] Intensity %k
0.91% <719 Fol 93] BA == Red 623nm 72| Intensity
e 6.86%

- 4 Eof&%/

6.79% %

Intensity

e

r_\ﬂ,

Aoz gl on], QDY
Ao2 e,

& Aging Test 23}, =7] 4%
a5 s+
20x10°
[—— Initial Conition (20190826}
- o (oramth +Ohr  2019.0826.
f—— +547hr (20190020)
[~ +707hr (20190027) +110hr 2019.09.02.
(—— +1044hr (20191011)
1040° - +330hr 2019.09.11.
+547hr 2019.09.20.
50x10° -
+707hr 2019.09.27.
wlld | | e +1044hr 2019.10.11.
400 450 500 550 600 650 700 750
Wavelength [nm] Degradation Rate

(19 61] &

ot

=] 1,0004] 3¢

0.01641
0.01667
0.01712
0.01667
0.01661
0.01626
-0.91%

AFE78 9] RT60C & RH90% Spectrum W] nl

Aging Time | _Test Date

0.00985
0.00957

0.00955
0.00949

0.00932

0.00906

8.02%

Data.

1.5190
1.4970
1.5197
1.5056
1.4995
1.4678
3.37%
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Aging Blue Red Power Drop
Time Area Area (Red)

ZE29] RT60C & RHI0% Power Drop (Red) Data.

1,000AIZE o] &

].O

Dataoll A <F

0.00175
0.00175

0.00170
0.00170

0.00169
0.00163

6.86%

Data.
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g ”"'\.—_,__._._\. ] Time Area Area (Red)
= ol | | +Ohr 0.3504 0.1421 0.4055
E T +110hr 0.3451 0.1414 0.4097
g :: +330hr 0.3601 0.1375 0.3818
g bl +547hr 0.3497 0.1375 0.3932
< :: +707hr 0.3485 0.1362 0.3908

O me W e  +1044hr  0.3500 0.1323 0.3780

Aging Time [hours] Degradation Rate 6.79%

[13 62] DYt AF=749] RT60C & RHI0% Power Drop (Red) Data.
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Aom, 948 7FAL& $10/Kg o8t 988 AAIHarle] Thin graphite(graphene)=
=2 95 M0 E % BAAE E AFAEY A2 &4 tidelA A Qs ).

(a) Expanded Graphite (S1 grade, Size: 350um)



(b) Expandable Graphite(S2 grade, Size: 420um, Expansion Ratio: 250%)

- Graphite 9529 F2 H7IE $sle XRDE o] &3ty ZAA S EXNsHoeH, 1
I offo]l YetA. A2 3709 graphite7} 2 F %
e peak’} UEtUH, ol IgtolE 1Ffo EHOE O

=

oX
o
i
o
it or
o
ot
ro
2 o orfr o M



- Graphited] +%

=51

—_— 52 I ko [l pn s i)
- 53 g e s EaF L RLIE]

N o e

Chgshillan =

Infensity (2.

[71¥ 64] Graphite 9459 AAA &2 (XRD).

A4S 93t Raman #4S 53l graphite peak®} defect peakE

- QLN
Zvzy BAE S, BAAdx S1, S29 A$ G-band peak’t W AEA e,

D-Band peak+

[o

A3 UetuA d5e #FAE o A= 529 A% G-bandel M ®IAF A

7} & (amorphous carbon) @] peak’t TEEHALS. S39 ALE 1,350 I o)A

D-Band peak”}

o $- ZstA vehgo g, aguolE 989 defecte] EAES &3

—51
— &2 G-Band
— 53

Intensity (a.u.)

i " i 5 A " i i i

1200 1300 1404} 1500 1600 1700 18504

Wavelength (cm ')

[19 65] Graphite +% ¥4 ¢3 Raman 23}
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- B AZe YreggAel A4k Compounding &4, A& FA 2] ProcessE AAH A|E3H%.
(138 6718 1EAEA Plasticse] A4 FAHAEY. A4k Y 2AE Melting® Plasticsoll
A2A &Akste] Pellet FEE Wt=s 387 A4HE Pellets AFE A¥ste FHLE o]
Fo14 A=

- AEAEA EAY ALS YsiM= Fillere] ngHF FHo] "fFHow, FTAH F
Plastics®] A2 wW3}e}l Fillere] A2 W37l glojoF 3h Plasticsdloll o3 Q452 oy
o [ 12]9} 2om, Zt 8A4EL V| d8s FTES 73 & F Aok 3H, 7+ 7]
S< ¢Hlsko] Plasticso] AA oo 3

[3% 12] Plastics AH*HA| H7}%+= Materials

Materials == =
Plastics PP. PA-6, PA-66, PPS = PlasticsLHOl|AM{ 2| Binder 23&t
Filler Lt &&A|, Graphite S A=Y SE2E 2|8t Heat Channel
ASEEX| | AE 3 T LEX g5t Ax|
2Rt BE AFSPEEX| | A SHZ9| & ot™A|
274 HalogenéDetecter =0l ZHARY| QJ%_ Eﬂitowl
W S5 EfQLROf CHEH LKA &
PAPSI PSS 2= Helg 25 I
A Fillere| 2MN &H S
- Plastice] ZA-$ &AL 43tz Ag Hetdo] {4 H o Binder2# o] &3-& slv, Filler
o] 7%= Heat flowe] Channel®] &&-& 9jste] FLF Biko] o] Fo] Aof 3tH, H7HA
= 27ty 4@ Fastelof .

o 18 F/AEAS ALY S Screw £ AA AL

TIAEA 1EAY AEe Y3 Y §FAe 18 Loadinge] FLste, T2AZH
o 7I%5& F¥str] 8 nRAPlastics)] nfe] AL Hfstn glolof ¢ I, o
CgEAe) Bae QA sl ddD z‘za%% S & dart glo ole 4%
7] Woell A<l Shearrt Z718te] ¢&7]
A7} 93lE= @Abo] WAISF wEAT}
T o] Bindingsl F+& H&& F33tA %3}
o o ot AA ko] gFA 9 HA Shearo] =TS
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2
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A=Y 4L FUselr] A L= STA Fel Baste, ABY T
Binder=2# o] 48& #qsh LEAG] F§Hol FIL olFolor & AY LA
FRA FFL 7 8 gAY HFo)
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o A TF BlEol oste] AFo] 7=, Fillero] Hdl T2 Prﬁ] v &l 2]}



A Test A3t 7 uEA 2 $PA AF Ao GrHFe 50
gFoz BaEy, ¢F L A4S FH AFHL YA (F 13]

[3£ 13] Compounding &4 A A}
3} Stage
3z} |mEA} Stage 1 Stage 2 | Stage 3 Stage 4
1013040 (50({60|70{80|30|40|70(40|70{80|10{30|40|50|70 80
DB\ %\ % | % | % | %% |%|%| % | %|%|%|%|%|%|%|%|%
1=+ | PP O X OO0 o0
22} | PP O O O O
3z | PP 010
4z | PA-6 |O|O O X O] Of x| X
PA-6 010
52+ | PA-66 O
PPS O|O|x|x

A2 E TPFAEL AAE

1) 9ds4 Ades AL Asx
- Compounding®] 74-¢ 3FzFe]
0wt%el 45 4
60wt%, PPSe] 74 -9-70wt% ©o]’<]
— 001:/\ /\ _ﬂ_g:]@_]—

2) 9A=H Ases

- Compounding®

ot 49, nAdE, s

SEAEZE HrbskE ddE A7 A8, PP A
Zz71e wet Ve Ryt 2AFHA oW, PA-6, PA-669 H

A A= A

o
-
[e)
-

13 Loading 2go] E713S Felage.

o Compounding 34 o2 Agste #Aos] B PP AH-$ 70wt%,
60wt%, PPSe] ¢ 60wt% ©]3tE Loading%<S 3= Aol ¢4

ALE Test 23}

Pellet© = ASTM A% Aol 48 Aastgon, 2+ Auel Ao

E719 Test A34E 43S,
Al59] Polymer, %A 3ol wegl b =24 APFsFoH, =3

3 A= Test 21 &

AT, AT AFE Test d3E= [F 1419 A A



%3} Stage

3=} | BA) Stage 1 Stage 2 | Stage 3 Stage 4
10|30(40|50|60|70|80|30[40|70/40{70{80|10|30|40|50|70|80
% | % | % | % | %| % | % | % | %|%|%|%|%|%|%|%|%|%|%
1= | PP O X OO 010
22+ | PP O O O O
3% | PP VARIVAN X|A
4z | PA-6 [O|O O XX 0|0 Ol X |X
PA-6 oA X
5%} | PA-66 oA X
PPS oA X

WY TxE Og g Aw),

= Ay FAHY A FAH< Compounding &FAHA e AE(Pellet)S 7[R A=
3 oY, 70wt% ol AFToAME EF Fal(nAd3d)e AxE R oH,
AEA e FRAoT I AFAE R,

3 A== 54 87 A%

- GHEEE Test W we} ol A34E et oy, #AA e FAHAZS 73
7] 9135k LSM(Laser Flash Method) W& &F3te] Testdt 23} Stage 4 (Graphite

50%)°ﬂfﬂ °f 12.3W/mKE a3+, 70%°1 T B¢, 2 HA=7 stof &8
L 5EOR 25 P ANLS



[ 15] nEHEA AoeE dAEE

&%A CODE A ==(W/m - K)

Stage 4-10% 0.77

; Stage 4-30% 5.77

17} Test Stage 4-50% 12.29

Stage 4-70% 17.10

Stage 4-0% 0.48

Stage 4-10% 1.02

27k Test Stage 4-30% 6.39

Stage 4-50% 12.40

- EAERE X AT A, 1T HF AFoA 22 dLdEI Y FokAlE dAT
o
=

&= 2 A stage 4-10%

B & M| stage 4-50% S Ml stage 4-70%

(28 69] 1EAEA AL dAE E4.

- MR §FAA Staged-70% RES A=AFsta, HAI ST
LED PCB 9 2&5& =
! 5

2, ANELAE A Xe P

ih)



(@ BE2A r48 A&, 4829(F) 2
EZA22(YOKOGAWA MV1000, K-type Thermocouple) ()
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WA g 184 HAuLeEs HEELAS TFHY] St g #Hd AAE FYS
Fhbel flaz, o3 Auee EAL hE7IWolA sheare] S7tol wE d=%Fe Ast
2 AE7IH dg e FUEE QIR A o wEkd WEAAE A HoE9
FTE8s A7 St HATMAlS Ao ® EAEo] we EZo] AEAAEAL]
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Linear PRT

= BT g

-';.... CAT™ Rasin ru...»-m.n

_____ b s 1o le L4

(2% 71] H7FAN 2J%F B2 AU (13 72] A== & H7}A|, DendrimerA|,
A= W3} CyclicA.

- ABA Adese 1HFFHE 9lste] dendrimer T, cyclic *+x9 H Al 2 MAH
grafted polymerE Sd<Fst] Huted F SA4S Fdsta, 449 vFx= 47 2834 2

A A
TTTTTTIrrTrT
¥ F F F ¥F F F F F F

(29 73] MAH functionalized PP, Polytetrafluoroethtylene(PTFE).

- 8IAIE o] &3 ternary EX oA wRASE HZE AWANAY  adhesion
compatibilityE F7}A7]= rheological hybrid effectE %3l 71a %9} shear rateE
aA7le E94E 71U & 3, E4AA A= hydrophobicity7F 733 fluoridee] &)
2 Q3 mEAe AWM Y slipEdE =Y F vt HiuEa g7 Wil %

HE wolE BT AL

2) BEgade] 1453 PP-gMAHE & 184 ATeE)

- 71AAd =4 W7k . M7} 40, 70, 1629 Zt7zte] PP-g-MAHMAH®= 1~1.5%, homo PP
base)E nylon6ol Z+Z} 10phr? 718t 71A1Z EA4E 81 Ax}, JAAZAAE, A& 2
45+ pure nylon66thHl 5T AL, FAGLET} 44~940 = L53HA SVt
ANE S F AJT}. o]= PP-g-MAHe] MAH group3} nylon66<¢] amide groupzte]

St Ao g QI3 AoE AT,

Lot
B

3) AEAWE DA Ay

X
Ho

E 1753 EdaA e

- LFBAE A% A AE A% by 2 F W= As EAE Uehd PBT



(polybutylene terephthalate) H7HAlE 717 4% FAEEE B filer 23 3¢

=
Hgstel Aohed ¥ BA, GAEE, §445 Ws L REZAS BHHAS.

o sl = 5 h=] a2 =
154 A3 H7HA d8 & 1EAWEIEY A= JAH EA
5 100
44
£ _
£ g i f
34 < g0
§ =
g ] :
2 2 ; 3
5 2
g ©
£ 19 60
0 NylonGFiller Nylon6/Filler/CBT100(5phr) NylonGFiller Nylon6/Filler/CBT100(5phr)

(19 74] 754 73 HA7HA A8 & @AY EE Avese J= ¥k

10* 3
E —a—21ZLV_PA6,6
—e— 21ZL.\VV+dendrimer
1 —Aa— 21Z1L.V+CBT100
10° 4 —v— 21ZLV+PTFE
0 E —<— PA6+PP-g-MAH(MI40)
£
z
g
=
B
§ 10' 3
100 T T T T T L |
10" 10° 10’ 10°

Frequency (rad/s)

(18 75] 2f-53} 124 Agco Ax ¥}

4) 7348 A3 I F8& F 1EAAEEE AvEY dAER

548 A A7 A7 sENE] dAEREE oF 15% AT 23S AU+

[ 16] 3574 243 H7HA A7hd s == va(WFA 987 43

A=l

No HI [J/gK] A ESALE [mm?/s] HM == [W/m - K)]
AMIIH MO 1.089 9.608 16.888
HMIIH EII= 1174 7.612 14.281

obejel AR W dFel A GFel miFdol AvbA HIE flow WO
orientatione| &S AFE HoA=,

29



[ 17] 7023 A5 A8 7F Ao (=5 nBEAA AT 4)
No. HI [J/gK] A SIALE [mm?/s] AREE [W/(m - K)]
Samplef1 0.945 12.038 19.517

Hh e §3HA19F TR ARLY S Screw 3 AAVE AL
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Screw HA =3 9

Y =73
4 =0 FYsta, 13, aEah 2 Aol &FdE bE7] Screw JHEEHA =
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7= %
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d T8 Screw = HASE Foto], nEAE A A, FAAGAAL FERE AT F
A 3R =21 st

- Bk gRE Y ok Screw element configuratione] A @o] s, Soft ware
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[Dimension: nit (cd/m?)]

Height 1 \ and \ 3rd 4t 5th Uniformity [%]

50mm 20815 23189 27121 31806 40203 66.13
53mm 24008 24896 27808 32520 39992 73.22
55mm 25325 25715 28294 32273 40635 74.85
57mm 26984 26554 28872 32517 40351 77.78
60mm 28308 27471 29014 32308 39292 81.10
70mm 31236 30979 31370 33697 39279 87.54

(23 80] WkAMZE Eolo] W& EF dd=E SH23

S|

- olggt Ag Ao gFo], AAS FUF FERE Us IHNA AAFHE
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75322 592, Blue LEDY A, F2~dHEHo] 400~500nm450nm+=) =L 7] ol
ol AR E9] HEALSo] vrold 4= QlomZ Il By wjdS & Al4bs|ok 3t

(1% 83] Est dFo] A&d 10WF A=AAZ=x=H(H ).

5 F2 71EH0E PPFD #hs FYsA oA A% H 747/ A7
A AEo] We FEFo AolE gl EWE] A AlFsids. (D AR
(18W)+, (2) Blue LED (450nm), (3) Red LED (660nm), (4) Blue (450nm) %! Red (660nm)
2 71E9 AEAATY FAAFeH o, G (6)H] Wide Red A EME T2 QD 2 &
g3l Red 34 A3lstds. G+ H-2 Red 34 ZH= 2 peak (620nm, 660nm) ?L
ZolH (6)& H-& Red &S zkE= 1 peak (640nm) T+%9] A& A59].

4
o ot £

- (DR A3A4g3s =dS v a(reference) T 0.2 3R o™, 443 A8 150mmolA &
A3t PPFD 105 ¢ mol/m2/sZ A &3t (D] 71&E =445 3
Ad= Az A" 6) 2 (6)9 spectrume zhe =W 3 B L}l
AaiA AzE 2d= T AREJE A AzE 6) 2 604 7
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[ 18] == PPFD &9 vl (A 18Ww 71+, 150mm A &)

=LA PPFD PPF-B PPF-G PPF-R PPF-NIR
1. A2 ¥ 4-5(18W) 104.3 317 43.6 29.0 6.0
2. BLUE 105.8 105.1 0.7 - -

3. RED 102.5 = = 102.4 0.1
4. BLUE + Narrow RED 104.5 38.3 0.4 65.8 0.1

5. BLUE + Wide RED 2p 104.8 31.2 4.3 69.3 7.1

6. BLUE + Wide RED 1p 104.3 23.1 7.1 74.1 16.9

PPFD 104.3
(B31.7, G43.6, R29.0, NIR6.0)

PPFD 105.8
(B105.1, G0.7, R0.0, NIR0.0)

sLUE d5inm) L e

PPFD 102.5
(B0.0, G0.0, R102.4, NIRO.1)
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Narrow RED

PPFD 104.5
(B38.3, GO.4, R65.8, N1R0.1)

Wide RED (M1)

PPFD 104.8
(B31.2,G4.3, R69.3, NIR7.1)

o8

| WideRED(M2) |

PPFD 104.3
(B23.1,G7.1, R74.1, NIR16.9)
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Beam Width : 6.18 m
161.39 lux in center

44,42 |ux in side

Beamn Width : 9.27 m
71.73 lux in center
19.74 lux in side

Beamn Width : 12.36 m
40.35 lux in center
11.10 lux in side

Beamn Width : 1545 m
25.82 lux in center

7.11 lux in side

Beam Width : 18.54 m
17.93 lux in center
4,94 lux in side

Bearn Width : 21.63 m
13.17 lux in center
3.63 lux in side

Bearn Width : 24.72 m
10.08 lux in center
2.78 lux in side

Average Beam Angle = 114.2°
Max. Beam Angle = 114.8° at ®1 = 150°~ ®2 = 330°
Min. Beam Angle = 113.5° at ®1 = 120°~ ®2 = 300°

[2% 88] 70WH Al=dx" =& vldZ(Beam Angle: 114.2° ), vjZEE=5%
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[ 21] Blue 3% oiH] Red 34 =Z7] BI&3%

TYEE #1 #2 #3 #4 #5 #6 #7 #8

#9

Red / Blue | 88.9% | 0.973 | 0.937 | 0.915 | 0.893 | 0.871 | 0.888 | 0.890 | 0.936

0.967
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[ 24] 100WF 21 &EAA5 2 PPFD =A%k

15cm 868 1 136 105 627 70
30cm 321 0 50 39 232 26
50cm 116 0 18 14 83 9
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[ 27] ¥8k FEo] HFLH Linear A EAAZY 600mm A A Z AL

- L600 x W72 x H 68

- Voltage: 220V

- Power: 20W [/ 40W

- PPFD: 220umol/m?/s, 440umol/m?/s
- Avg. Beam Angle: 128.5°

- AFTFUE: 98.6%

[ 28] 985t &0l A&% Linear A EAEZY 1,200mm AAF Ar

- L1,200 x W72 x H 68

- Voltage: 220V

- Power: 40W / 80W

- PPFD: 440umol/m?/s, 800umol/m?/s
- Avg. Beam Angle: 128.2°

- HFFYE: 98.6%

TUE g1 75, 40WHT AYY Linear RIALY A EAZZH S 1m "Hojzl ¥y 43
A ZAMAZ &, 25cm A7 ¥ PRS0 Z 9-Pointe] ¥Wwo] zAME 2] Spectrume =
Aol vlusAS. 1 F, 4" 9-Pointe] Spectrumol] w3k Blue2} Red 3o o



Integrated Area %2 A4Fsle] Blue / Red HIEo] #¥4=E AAEYES. (SHAMH:
MK350S)

(£ 29] A EAFAZH] #d% ZAHES A Spectrum 33 ¥H ©3 9 FIdE AEF4

499nm

Blue Integrated Area / flx)dx
400nm
699nm

Red Integrated Area / fx)dx
570nm

. . Max.— Main.
Uniformity 100 — (Maz in.) > 100

2 X Avg

I
Poin#1 #2  #3 #M e | 8 W e w

Normalized Intensity

. i L L L L .
400 450 500 550 600 650 700 750
Wavelength [nm]

(719 98] AEtt Linear 2] & 4=%" Point A& ¥ %A% Spectrum Graph.

[ 30] ¥Ett Linear 21 E%92] Blue / Red 99 HAN L & F#d= =34 A3}

QD Linear Point Point Point Point Point Point Point Point Point
#1 #2 #3 #4 #5 #6 #7 #8 #9
Blue Area 12.75 13.15 13.44 13.51 13.55 13.74 13.64 13.81 13.62

Red Area 69.64 71.06 72.45 72.84 73.19 73.52 73.81 73.95 73.48

Blue/Red 0.18 0.19 0.19 0.19 0.19 0.19 0.18 0.19 0.19
Maximum Minimum Average Uniformity [%]
0.1869 0.1830
(Point. 6) (Point. 1) 0.1853 968
- #HHo 2AE Fo] ~HEFo A, Blue 400~499nm, Red 570nm~699nm o thgk ™=
o 4+%3 7 BluefRed ¥ &2 243 23, zWo] U3 FFIEE o 986%E ol 95
F 54 At



w337 AHlE o] &3l =] Average Beam Angled] w2 HFEX EA4E A A =

40W Quantum Dot Linear Plant Growth Avg. Beam Angle

128.2°

3
692 Iuxin side.

Max. Beam Angle = 128.2 at ®1=0~®2=180"
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[ 31] 100Ws 2| 28g=zge x714/%434 54 (PPFD - 100mm 72 Z4)

PPFD PPF-B PPF-G PPF-R PPF-NIR
PPFD =34 [ xmol/m%/s] 1,430 299 171 960

A712 54 54 100.8W 220V 463mA 0.989
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- Spectrum®] Blue Area / Red Area Ratioo]] & d4d=E AF&E51YE.

- Portable SpectrometerE o]&3] ZA%¥ 9-Point®] Spectrum Dataol] thall, %A Linear 2
EAZzH ] WL FRolA AFH Blue Area, Red Area, Uniformity 4F&32 ol w
g} Datags #4359+, 400~499nmell sl F == Blue Area®} 570~699nmeol 3l<=+= Red
Area®] W2& 4F=3 & Blue Area / Red Area® Point #1~#9°) g H = S A4S
of #YE AEF2e A L5t HILE WA=

Normalized Intensity

400 450 500 550 600 650 700 750

Wavelength [nm]

(19 102] 100WH %333& 2 EAA=x" 2] 9-Point Spectrum Graph.

[ 32] 100WH A &% Blue / Red ¥ HAR| S WE fd= =4 A7
Point Point Point Point Point Point Point Point Point

#1 #2 #3 #4 #5 #6 #7 #8 #9
Blue Area | 30.24 30.16 30.07 29.99 30.01 29.99 30.01 30.07 30.16

Red Area 78.31 74.74 71.52 69.63 71.39 69.58 71.18 71.78 75.85
Blue/Red | 0.3862 | 0.4035 | 0.4204 | 0.4307 | 0.4204 | 0.4310 | 0.4216 | 0.4189 | 0.3976

QD Linear

Maximum Minimum Average Uniformity [%]
0.4310 0.3862
(Point. 6) (Point. 1) 0.4145 94.59

- ve] 2ALE 9-Pointe] FUE SHAT, M5 FTF FAE E4 AL,

- 44 72l(im)olxie] PPFDO| me FUEE 551 S.

- Portable Spectrometer& ©| &3] =4 % Spectrume] ojgk
sl F FYE AEFAel wa AL
PPFD % ¢ 2+ 1,430umol/m?/s¢] &4
15.03umol/m?/s & 1% A2

Pointel| 3% = PPFD Datags
0cm o] AAg el N ZHH
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[ 33] 100Ww 4l== <] Blue / Red

CEREEREE)

=

QD Linear | Point #1 | Point #2 | Point #3 | Point #4 | Point #5 | Point #6 | Point #7 | Point #3 | Point #9
PPFD 14.18 14.98 15.41 16.12 16.09 16.02 15.23 13.97 13.30
Maximum Minimum Average Uniformity [%]
16.12 13.3
(Point. 4) (Point. 9) 15.03 90.61
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uw}2} Spectrume| Intensity7} A
k] AEFolA SHH Acryl
71T AE&S glE S
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Intensity [a.u.]
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g 3o mE Spectrum H|wl

[3E 34] 100Wg5 2&EE=x"He] Acryl Cover A& %o W& F7]7&88& H7F (XAH7D
Model Luminous |L. Efficiency| Power | Voltage | Current Power |Frequency gflflcnulré a;ll(r:e
Flux [Im] (lm/W] [W1 vl [A] Factor [Hz] [%] ¥
Without | 5 g7 39.2 99.0 | 2201 | 04546 | 0.9890 60 -
Acryl Plate
Wlt;‘la‘?ecryl 3,522 35.8 98.3 220.1 | 04517 | 0.9890 60 91.3

- Acryl Plate &

Aol weh BEE

fhell a7 Al

Acryl Plate A8 Hdl=

39.2 Im/WollA A8 Fol&= 358 Im/WE 8.7% 7H4E AAGS SAFo 2N A H7E Al
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SxzH ALYl HEL ZuS o]&3te] Acryl Cover & A

[ 35] 100Wg 2] &= 2] Acryl Cover A& A3 @& 57|75 HV/HIFAAE 7

Model Luminous |L. Efficiency| Power | Voltage | Current Power |Frequency ]é?fu:mz ?Jlie
Flux [ml | Om/W1 | [W] | (V] [Al | Factor | [Hz] o

Without |5 g9 38.9 99.2 | 220 | 0449 | 0.9960 60 -

Acryl Plate

With Acryl | 5 g8 35.3 99.1 220 0.445 | 0.9881 60 90.7
Plate

- SAAF7IE o # 3 Datag Rlwd 23, AAH7E Datagt o AR Adbgte &<l
shgon, oWolE 90%7h Y & 57 TES % HAsAS. o|2H ATagze
S7ITEE T AFHEFE 90%E 9= 540 AU
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LED circuits
A
m' SMPS (Constant Current type) 11%"3?
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Analysis

Control D/R

_d

Signal ON/OFF
| D/R 10to100
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SMPS =3 S5 X0

[238 112] SMSP ty®A|o] Software T4 =.

YATAA ) 255 ONIOFF Aok H=A0l(10 ~ 100%)3] 22 T35 om, SMPse] &8 o™
Aol PWM pulse A2, MfFgol nldd =g Lale LEDEYP LAY 548 asste] g7
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7h ol AAFe ol FUE T3

1) Fol A, ol FA % FRBA FAe) wobg vlw
- A Wy

¢

o

= :20C +2¢C

mi}
bt

: 75~80%

e
o3

D 16AIZHCE ), 8AIZHE )

- th & Dark, White(& =243 §3%)

- 2] 2] 7: Blue(450nm), Red(660nm), Blue+N-Red(660nm),
Blue+W-Red(630+660nm, QD film # &, ©]s} QD-LEDz} 3h

CFANANF AF A ZARJ]D AT, AlEA AP

AP ANG HBFHNA 2EE Feo] BEINE AT FHRFE ZHAA =
F 747 BAE 2504 4RO Ay

- AR Broka, EobA|(TS0)

- A7}
L BT

}4 LED A Alx®lolA @ 7kx] o] dofo] wx]= QD-LED 33 7|& FUEH
of HluE 95ty FAINAS. AFe A 1Y T ZE FolA wEA Hols AlFste] 2% 24
A RE A TolA 80% o]4Fe] WoleS WS AT = Blue+W-RedQD-LED)Zo] x4
8UA 100%2] Tol&S HH, BluetN-Red Fo] Atjzoz v 97%9] A& HYS.

}6 201

- gdto} F21Q] Fro] wholg-2 xANA TI%E 7Y =3koH, Blue+N-RedFoll A 19%2 7P &
. AleA9] dholg-2 Blue+W-Red(QD-LED)3 3} Bluegoll A 70%=Z 78 =3k°. ™, Blue+N-Red
FolA 7P @2 53%E dEd. A5 9 3¥9Fo] REDFo] WE ol £5E5 BN,
Blue+N-Redgo] o7} oA o] FojF o 35 59 A BE FAV}E ol %5 9] o}
£ 5= Blue+W-Red(QD-LED)®F o] Atz o g Wy RedZS AL =& AHg+7} 9= 597
of oyl TEHUF. F TAY RedF AT IF 7€ T F tA| dolste @S BA
& AFAE RE Foh) 7E 39 F o} Aol 2A FRUA 0YAA FE F718HR
o

L 24 R 109 HAF E2F Bolgo) 50%0l et GHE Urhle YolA(T)E HliLs)
% 5Y Aol Aol et A4 RS Aslen N34 A
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== Rlue+MN-Red

Lettuce === Rlue+W-Red
0 2 3 4 5 5] 7 8 9 10
a
Spinach

[Z23 115] 2+ ol A ef &=,

3 4 5

& 7 B 9 10

Days after transplanting

=)

L)

AlaAe] obs Ha

3 36] 2t FoA A, F, A=A #olA(Ts—days)
_ BLUE BLUE
DARK White  BLUE  RED
+N—Red +W-—Red
;5 1.3 1.3 1.3 1.2 1.2 1.2
5 3.5 3.5 3.5 3.4 3.4 3.0
AlFA] 6.1 5.7 6.5 7.0 7.1 6.5




L omE oA 95% olae] ¥ Wolgg Holn He| WE ol A
9 ohwol FA B4 Darkgel A 7b4 Wolgo] Egkom, AFAE Buedst

Blue+W-Red(QD-LED)3Zell A T4 &8 Hot&S UEU S

r‘

Solo wal, A% -, AFA FA4 2% BuesN-RedFolA wlmE G dolg-g HYS weiA

ol EAE AT Fol m FEBA FAO| WolA QD-LEDHS] EFHZHQ wols F7HE
AR 5 e Zos AT, Wol FUYES AT 5 Y Bolale] A$ AFolA White(H
s35)o) wlal QD-LEDOA 8% Z713+53S-

*9;

(29 116] ¥+5 8% 3 TFE 'To} AR &5, 50 7, sk A=A

2} BLUE %+ Blue+W-Red(QD-LED) 9~ RED.



2) FLEorFAHA oD} JFBGSAHEA) 32 Lofs vl Hd
AT

25 0 20T £2C

- 55 75~80%

- DA 16A1ZHELDBATHED)

- )%+ Dark, White(z4d3 &33%)

- 218] 7 Blue, Red, Blue+N-Red, Blue+W-Red(QD-LED)

CIANAE FE AARY | AIFA A

AT HAE AEsRelA AEE A FEAHOIHE 2 SRTE EIANATE T 44
TAE 25704 AREE O &2 X4

« ZAR R ol EobAl(Ts)

AT A
A Ase 45 l mh, ASAGHD FAE AHgstEen dhiolsARl F= 1A ol g 1
FERANM Hold dokg ARE Aol ALY FdH euEc 1A LoFH US|

Blue+Narrow Red(680nm), Blue+wide Red(680+700nm)-QD LED, Blue(450nm), Red(660nm), White(s
#%), Dark(@F= o2 A3+ ﬂ“ﬁu 255E 7b7E 20T £2C, 75-80%2 AAstgor, 7t
T T 1097 HF Hol&s AR HTHA dolg2 HB%EorE<l BLUE #s AL =
E FoA 10092 =& Tolg-e E%‘.

o
(=1
=

Lettuce Spinach

== BluetN-Red

~§— Blue+W-Red 20

= 801 |
£ ¥ 8
% = Dk T
60 1 .
‘5' g 3 White E 60 4
*ﬁ T o = Blue E
c 401 1 'g
F= =i~ Red 40 ~
E c
£ —
1]
é E
]
U]

Days after transplanting

Days after transplanting

(29 117] 23} dobg T 53D 2 AFA(H).

(3£ 37] 2+ Bl A 3, AlFXx2] ZolAM|(Ts—days)
DARK White  BLUE RED BLUE+N-Red BLUE+W-Red
&5 2.5 6.9 2.8 2.9 2.9 2.9
AlEA] 6.0 5.3 6.3 5.8 6.0 6.9




- Ao WeldE = bk 3U35 gz AF BluetW-Red(QD-LED)Fol| A o}yl vlw A w2 A o}
Elgon, 9E 5430 9A e &%= Dark A glolA] 98%tol, QD-LEDOA] 90%ol& =
=7 JeERGS, vhd Whitesd ol A 28%2 kA o2 23 Hol8S RYPL

- AlE A9 HolE e AFote tEA 3F 39S Whiteoll A 21% Tot&= 71 wEA ekt
o, BluetN-Red¥3# DarkA oA T3l 6%Z T Hol&s HAS IF 5¢Fole=
Blue+W-Red(QD-LED)®} DarkA|glelAl vlwz =@ Wol& g Yeldon, o]& A3 Foli=
T LolEEE YRS, HEHQ Wol&2 BLUER A 88%= 7Hd &kom, wolgo] 7t
A AzstA vehd A2lE Blue+W-Red(QD-LED)FOIA 71%2 Uebge. ol #U=E tfHd
T U oAl A Sl A White(33-5)oll el QD-LEDIA 58%4 57135+

3) oAl BRWYFAY F FFE PN Lobg vlE A

o

: 20C £2C

75~80%

- A 164 7HE ), SAIRHSY)

- )=+ Dark, White(¢ =713 &3%5)

- 2]+ Blue, Red, BluetN-Red, Blue+W-Red(QD-LED)

- BAAE: AT AR, AIEA A

AP HAE AESANA 4RHEE 1288 SEEHC|Y FEE AT A44FTAE 257144
HHEow A4

- AR S ol HolA|(Tsy)

.
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RS Sl el 74§ ACIS @ A AR A S 2 F FAT Yol
W 3E 49A BE P 4T wobgol 90%el 4 ebd. Wohdel %9 Dark HelTsh by
#2A) ebkes) Redol 71 ke, OD-LEDS) A5 Dark AN A e ol

g Uehiglon] Wolew b Bk, AFN A% 1F 3LFRE Bolels] Akl 24t
FRU 091 RE % AUTIE BE S 24 FRU WoLEE whied AT
P& %90, BluetW-Redd A2 77h 714 Rghe. wopis Buedol 714 we 74Y09l,
BluesN-Red%e] 7b¢ =9l 9.002 Uehts. Wol FURE tiT & gt Woldel 4 33
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o
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100 100
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K= F 0
a e
w® ]
= —t— Dark
& s° E 50
= Whit E o
®
£ == Blue E
g .- —-—red C 40 +
U] —8— Blue+N-Red E
T
20 -+ = Blues\W-Red é’l 5
0 B T 0 4 B8
e} 1 1 2 3 4 5 & Fa B 9 10
0 1
Days after transplanting

(29 118] 2+ ol we 59k AlgA] Toke Hla

[3E 38] 72+ ol A 45, AlFR 9] WolAl(Ts—days)

DARK White  BLUE RED  BLUE+N—Red BLUE+W-Red

5 2.3 2.8 2.6 2.9 2.5 2.4
A=A 8.1 8.2 7.4 9.0 8.1 8.9

- 2% 28C £2C

- 55 75~80%
47 16A1THAE YD), 8AIZHE)

- 3% 150 pmole/nt.s(10W 3 10cm)

- )&+ Dark, White(& =43} &3%)

- 212} Blue, Red, Blue+tN-Red, Blue+W-Red(QD-LED)

AR BErtE )

- AE W HA Y AESECAA ABEE 1283 SHE# ] Alo|2o Sx4 Alo]2E et o4
Eof 3F

c ARG Wobg, WobA(Ty), BEA FH B ASAREY, 9% 9 9% 274, AT

[eX) 3
1o), A=, AEF)
A7}
CIAF B £ GAE skl B kA B9 EvkEe] AYdtel va 2YHEE. B

F4 ok BE Al TolA 5HE 4AFRE Uehlr] AREe. DarkAeol A 7bg BE wol



&£Eg Holn 7% 5Qut] RE A7} wol s19.or], REDF-E 8Y, BluerW-RedQD-LED)%-&
109 Qo % Wolsld e, Whited M2 77} 71 e 50%0] Axd Hole e,

100 & * B
g Dk / /

— 80 White o u
%-' | LI / //if"l
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ﬁ 40 |-=#=Blue+W-Red
o
E /
]
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a 1 2 3 4 5 6 7 8 9 10
Days after transplanting

(29 119] & TFE EvtE Yols HlaL

[ 39] Z} FollA EunlEe] HolA(Ts—days)

DARK White  BLUE RED  BLUE+N—Red BLUE+W-Red

EntE 4.2 8.5 6.8 5.8 7.2 6.9

- WolAl= Dark A7) M w2 4.29, Whitego] 713 =8 8598 YERIYS. 3& 3
S8 g 2AAT, A4E EA= Red33 Blue+W-Red(QD-LED)F o] 714 =9roH, A3}
o] 7% BluetN-Red#o] 7 E9k2. AE F AR} AsHte] gho] /M4 &8 Ag+e =

s A

X

AR

i

(¢

il

Blue+W-Red(QD-LED) 2] 7ell A yebd. Aok A& U de=de AR 23 A%
5} AsHE =5 Blue+W-Red(QD-LED)# A 277} 7 =3k5-
o Aote
R0 fo RN B e
'Els !
3
g 10
£ 2
a5 e e R R o
White Blus Red Blue+N-Red  Blue+W-Red White Blue Red Blue+N-Red  Blue+W-Red
Treaments Treatments

[28 120] % T7'E EvtES] BATHET, A8k HlaL
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Plant weight [g]
5

SEHS
5 I ...........
0

White Blue Red Blue+M-Red Blue+W-Red

Treatments

(@ #F FT74E EvtEY F AAF Bl

10 7
XH45 x| stE
[ ° B
8 =
£ b L
4 T
w
-‘E o " i — e ] o |
0
2
el | | 3 T— ! -
(o]
& 1 E—
21— - —
1 +— - —
[t} T T T T . 1 a T T T T - . 1
White Blue Red Blue+N-Red  Blue+W-Red White Blue Red Blue+N-Red  Blue+W-Red
Treatments Treatments
(b) F F7E EntEY] AR, AsHD) Hla

(2% 121] & 74 EU}E Z AAZF vl

x| ab i} K| o ] @
& ETop
7 Root
g s —
T
& 5 - -
E a -
o
f s -
=
g —
1 - L
D - 1
White Blue Ellue+N Red Ellue+W Red

(19 122] B} 72 ErtE AGH, Askie =% Alu

L EvbE He| 4e Redol /Mg Egtom, Bluedol ¥ wske. @St 44E Buedst



Blue+W-Red(QD-LED)®] X7} =4 Yelgor, JZ&3 WA Red#dol 7M4 =3 A4S
Blue+W-Red(QD-LED)?] 7} AR oM, 24 dFL BluetN-Red7} 7H =3He. AAAE 9]
&3t Ax ol Zolz BE AT AR #-& YERI S

- 9] A= E¢s] B9, Dark, Red, Blue+W-Red(QD-LED)3% )7} EntE Zx}o] wolg 100%
2 9T, S5 AulA 3 AEl= BluetW-RedQD-LED)7} A5 FAISF AEZA T
Ao HE] He FXE BRYS. welA, BluetW-RedQD-LED)F AHelE EntE Ho &4
AAA = ¥ 22 Holu, g 3 AT vE] 52 A4, dEFTY FA9 FA
AZE Yeio] EntE B A FAAA 9IS vAEs Aoz Ay,

o o o

Ho

[ 40] 7 3o W2 ErkE SR8 23 9% 9% 9% 993 27 10l 954 g via

’ )

Plant No. of Leaf Leaf Petiole Stem
height ) length diameter length diameter SPAD
Leaf
(mm) (mm) (mm) (mm) (mm)
White 115.7+11.8 6.6+0.5 73.5%5.5 49.3%8.2  27.0%5.2 2.6%0.3  39.3%£3.9
Blue 100.0£ 5.0 6.8+0.4 61.74£3.9  39.7£2.2  24.1%1.3 2.6%0.1 33.2£3.0
Red 144.5+ 4.0 6.6+0.5 88.9£3.9 61.6%54  35.0%5.1 2.6£0.3  31.6%1.9

Blue+N—Red 134.0+ 7.7  6.0£0.7 77.9+2.3 58.2£4.1  30.9%4.5 3.4+0.2  42.5%3.1

Blue+W—-Red 140.6+ 9.4  6.8%0.8 86.914.2  55.1%£2.1  25.9%5.2 3.7£0.3  38.2%3.5

mL* ma* mb*

20

L*a* b*Value

Treatments

(79 123] 7+ Bo) W2 Er}E SE 9| Ax,



[71% 126] BLUE oA ¢ ErtE Wols.
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[1¥ 129] Blue+N-Red3olA o] EntE &8 A-S3FA).



08/09/2017 - . J 08703120173

\

[1% 132] REDZo|A Y ErtE SH AS(3FAD.
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t}. 7]& LED g} u] @3t Ab%

d AE, BEUIRS R ddE P A+

S
[o]

D) 2 kA Aot BAE A 2ol g nlxls 9

- AT

A 225 20 £2C, 55 T0£5%% AR on, 42 16AZH8AZHELE A4
sae Bhe F

heEZAZ 2+ sBxeld 150+5xmole/nf - s YASA . F A
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= AA33Blue), AA3HRed), E3FBlue+Red), QD-LEDBlue+W-Red), 18|31 thxT+=2
Ak & 3-5(white) S AHE-3HA =

A Agse AF HZA OHAERIE ARSI o HHAFE AEFTHCANA 128F
SHEH|E Sx4E ZgA o HE 3F FTHE ASS #F 2AEIAS. A 5
C2E XA, 9%, 9%, 9F3AF, AL Ao AT, d=EsH AdES, TRES
A3 A .

+ 5 types of light source

| B+R | QD

. -
I ] n
g 0:4 \ ’ lﬂ%ﬂ%‘ J\
i, L i, |1 /|
2w I W

300 800 100 500 600 700 800
Wavelength, nm Wavelength, nm
B : R ; FL
1
i ﬂ 208 S s |
- y g
05 506 306 |
£ ] & "
- | S L
; E=] £
%nz J 02 - J 202 A nv\.\_,/\__
- = -
0 i 0 y r - - : 0 f T T T ;
300 400 \00 600 ?00 00 300 400 500 600 700 800 300 400 500 600 700 800
Wavelength, nm Wavelength, nm Wavelength, nm
[T 139] & AdelA AHgd 4 B9 =H4EY £X
- AT
F "ol e Azl Y 2% I 1T ASe) A% AR AT O P

o
=]
o ngvd, 24 269A AARBAN WA Ak AFDOr, FREW)OIA

- AS 4997 A FEHE AAMRIFH QD-LEDZolA Fo& <l 2po] glo] 7Hd AU
on, FFsWelA 71 Axzgom, FANFB)H FF5(Well Hlal QD-LEDZolA oF

S FAE BAoH, FFFW)el
Bole. 9% =% QD-LEDIA 7}7&} EUATE =7 o]
& FHo FES HIYS. FAHY FZFS A F<¢F QD-LEDH,
E?’;Hf(B+R)¢ =2 i—%%kinﬂ, [l 7HE @AUd FFS(W)> QD-LEDF9| 36%2] &l
Ao, GFo] M FUW HAMFLE QD-LEDF | 27%0 AA] &3k
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*  Plantheight, Leaf Length and Leaf Width

White —a—Blue

|=#—Red —z—BR ;

Leaf Length(mm)

14 21 28 35 42 49 0 7 14 21 28 35 42 49

07

after showing date(days) after showing date(days)

(@'

Leaf Width{mm)

0

T 14 21 28 35 42 49
after showing date(days)

(% 140] 7+ % A2 A =eide] 240, A2B), FZO).
Felo] Azuiele] WE Woo] mAL L Yol 9ste AWASE FH A
HARBAL AT BolA AT FFE YA 4Fo] G FAD B AARD
e A% IR B5E 43 QolE AA FESGOH, 24 2 shZe] dolst %3
Ho 459 £ AP Lol AARF 4Pl UF AFE ojd ATIME B
At 9%

*  Leaf shape(Leaf Length/ Width)

6
White —#—Blue
gs
——Red —a=B+R
4
QD-LED

Lieaf shape index
(¥

after showing date(days)

(29 1411 2+ % A & 2l o

c 2 FRYS AGR AF
Aglom, ol slel Fol At ul 5
4

AR AR

= QD-LED3gell A 7+
FollAde 79

ze
9l Zpole HolA Bk, A4
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A7 FollA FoH oz Aol7k YEGA dgtE. ARk AsHie] AT WE UE
W TRES AMFRINAM Fo2o= 7 =4 vetstem, QD-LEDRZA 1 7+ 7}
b FAE B

e AABEA At A 2ude g ATl Wl Relr} deksiAl waaiol
ARl Aol Bdo] Ut wu.

fresh weight
A B o

15
B o1z 8 03 -
g & b a
g 09 2 02-
< =
= 06 g
= 2 01 -
£ llm

0 0 ﬁ ‘

White  Blue B<R QD LED White  Blue BR QD-LED

treatrnent

(% 142] 7+ FA e 2 2wQle] AdH AASA)} A8t B AFDB).
Top dry weight and top dry weight rate

u‘ni il

White Blue B-R  QD-LED White Blue B+R QD LED
treatment treatment

>
w

Shoot dry weight{g)
=]
=]
&=

Shoot dry matter rate("%o)

o

(29 143] Zk FA 2 2 =eQle] AR T At dE80).
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T/R rate(%)

L m .

White Blue Red B+R QD-LED

Treatment

(19 144] 4 FA2E A=l TRE.

S} 2ol F dA7E Sepgel weh A=l of"sle] AEukgol FoHQl Aol
<, olF A3 F ¢ ¥ Hefe Ao Eehddd QD-LEDRstolA A =mQl o
sio] A5ol 7HE sl wEkd £ 3R UE 7HA= QD-LED# S d=F

A

= ‘_IEO%]-OH
A8 A5 o8 FHHOT mok T AOE ARY

(@) Blue+Red

(c) Blue (d) Red (e) Cont.

[T19 145] 2+ 33 Aed A =l A5 F71.
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20 1127 GOUED 33A0ws 2w DR

Blue+Red

Blue

200). {|- 27 GOLED 3R 5%

cont.

(238 146] ZAF 2R 2+ 33 x8)¥ & 299 AR 255,

2
ait)
iR

o}

ARG Azl 4% FFE Rlws R, O ATl W) FX7t e u
of mEUAE 71 AS. AAL 7= LEDS BeR AH2l7ol vla) QD-LEDE 69% 3

)
H3la, QD-LEDEY 23d tiz7(¥#F35: white)BRt% 55% FdEH= TAE B
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% 7]& LEDS! B+R A&7 Hls] QD-LEDE 75% =33, Red FEROE 37% )
FEQE. oMz Aol Ths 4FA A=elel AWA QD-LED F& Agsh:
of A% AEioh FUYEE Folt © EI} 9l o Bo

TS ()

= White m Blue m Red mB+R m QD-LED Standard
14 deviation
i Treatments (mm)
Leaf Leaf

10 length width
8 ] White 7.6 5.3
& | Blue 13.6 6.1
E | — Red 8.9 3.2
? ' I I O B+R 11.1 8.2
0 J =4

o1 xt o= QD—LED 3.4 2.0

[ 147] A=Zwd A T5Y G4F F3F9 £51A%

oll

2) LED tjy] ¥ 71X] F X7t dAlF E0te FSR] FArEy A% vis ¥

Do
(0]
-+
—
a
oy
l~rl
rlr
({e)
(@2]
é
(e
SN
o
il
oxl
o
3R
lo
_'EL

= . AL 16AIZBAIZICE D o2 A
ot LS FHEEZAZ 7 J*ZJFJHE‘ 150um016/m s 5% dAsH A=
3 = A A3Blue), 3Red), EFFBluetRed), QD-LED (Blue+W-Red) 12]al oj
ZT2 35 (white) S FAS.

L BA ABEE ERE CAACEABE or g2olo|ti20) & AgSEor AAY 4B
AolH 128% SREHCE 52 A2 7 Ao EUE A% F FH 4% BF 245
He. 2 FEE 2Y, 9 A5 A7, 4% ASE FHEHY

A4
A E S @ E3lo] dAE AXoF & o] dAlE HEE ALdA & F93% 3
Hog o] HAA EL FE 2EYAE HEI o 2EGAE W ugA 2E
25 £ol7] Y3l AA S8 FAS AlFslor & &2 #3579 F AL v T
sty AUlsEs JAE Ao 95% ooz =4 AASIH oM, FAF vFo] A HS
g & AEE A
B AL AH ErntE HEE LS & o S}
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-3 Ao WE EvE HEEY ASEEE F AYFEE uAg xpolrt wed WA
< QD-LEDONA w=A Aehr] AZFAITE A F3dods FHAR)FANA HlF
FAE JEFAS.
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Aizﬂ-
g
g .,
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E 30
(8] :
4] 2 4 [ 8
(@ Z+ 34 Agd EntERe 2%
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=
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—
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b
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© Zt % Mg EvfERY g
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AEo] v meES B 5 JAS. JZe ZAAMR)FNA AHSo] 7 =g oy 3

2

o
£



4% 8UFY 24 FEU BHEE QD-LEDW EFBBREOE Fghom, o 9o
FolAe fe29l fol7h HolA Wkg

Es

w

.

White =4=Blue  =#=Red

Stem diameter(mm)

== B+R —&—QD-LED

=]
=]
m -

4

o
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Days
(@ 2 3 A2l EvtE JE5H 47

20 -
[ ]
@ 15 -
"
=
]
P
S 10 -
B White  =e=Blue =—dr=Red
=
E
= 5 -
Z —===B+R ~a—QD-LED
o T T T T
1] 2 4 6 3
Days
b 7t B Ay ErE guue |44
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S
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&
g
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o

White Blue Red QpD-LED
Treatments

© 4 & A2d Erte H5He T2E
(T8 149] 7} F A2’ EvtE HE5He 34, 44 % 2HE.
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Blue+Red

Blue Red

Cont.

(29 1500 2 % Aeld EvlERe] W2 F A%

- a7 A
FEUE AR ¥ A SR 8IA =4,
2474 4= o ATl v e
<
Ll

nE AeTED §AS
- 2o A9 719 LED?! B+R A FET 57% FFERA, dZ2(F 35 white) BEoh=
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- mhEbA, wloHl A4 8l §HO ARl F&5HA 2d AL=m ¥

Plant height{mm)

30 +—4

Leaf length (mm)

ATE A ZE FAF FEFoA QD-LED A+ ZFHAZE g2 Aol uvls) 7}

LEDQI B+R A]FHT 65%, 74742 53%, [ 68%, 183l FZHS 48%
% 9WPORE QD-LED AT WEE/L FEHor, B
® 3TAR, e oA F5A WA LD Fol A
b 5ol 4% AUE Fasel pUsdtd ol ¥ PER@UEVE A Wn

.

o

x= u White B Blue HRed B B+R HQD-LED AA

Stem diameter(mm)
=y

100

Leaf width(mm)
t2)

Standard deviation(mm)

Treatments Plant Stem Leaf Leaf
height diameter length width

White 5.7 0.3 2.9 6.7
Blue 10.7 0.6 5.5 4.3
Red 6.0 0.6 5.5 6.2
B+R 5.5 0.5 3.4 4.6
QD—-LED 1.9 0.3 1.0 2.4

[Z% 159] Qo] HEHS A 52U 24, 274, 944, 18 dF 9 FFUA}L
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% 20T + 2C, % 70 + 5%,
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=
£g 2

0

White Blue B+R QD -LED
treatment

(29 218] 7zt 3 AejdE HEW JFFPE.

% £ QDLEDAA 7b 2k, AUBRoA 1Y dof 3 ADY F2AT Aol
G Aol e FAH 4ol ehA wsake

[3E 45] 2+ 33 A2d H=2WUY FEA ZNEAEES} 183 SAHE
, Stomatal Transpiration
Treatment Photosyntheticrate
(umol - COp +m 2 -5 ) conductance rate
(mol - H,O -m 2-s5H (mol - H,O -m 2-s57h
White 3.17d 0.06a 1.72ab
Blue 4.96bc 0.07a 1.78ab
Red 3.81cd 0.04a 1.18b
B+R 6.12b 0.07a 2.02ab
QD-LED 7.35a 0.08a 2.56a

)
2

@ v QOLEDAN % 22 FAE 2Fon, FARYIN 1 3w Bed
brGte HARBeIA w3, QD-LEDBoIN 7h4 S5k Hue angle §t %3 QD-LED

A& E?i%. Al FELA A AS54 FHFSPAD)S QD-LEDFof A

7Hg wskem, W) AAMR)FAA FolAQl Apo] glo] =4 FFo]l ¥ A=

O

>
N
o}
e
rlo
-

=
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A= o
= T A%

*  Leaf color(Hunter a*, b*)

A 0 B+R  QD-LED B30

a* Value
b* Value
o

-15

T
-20 White  Blue Red B4R QD-LED

treatment

Treatments

(719 2191 4 33 A2 4 =wrQle] A4a*(A), b*(B).

*  Leaf colorpicture

[23 2201 2+ 33 A ad A =2 U 2 Zw|olo] G,

- 2] A AAAQ AdEAOHT S Hue angledkol $&45, SPAD#o] =&
2 Zgs Rad b 98 B A= QD-LEDF oA 713 H& SPAD#H 7+4
w2 Hue angledt 1813 718 =2 a*ghg Ho HA @do] 714 F33td, g Fol
HI3 QFEAJobd jheFo] HlwA Hui FE 7lsdh webA & Fdd %
stel Al 2wl ojd Y Efo F24 I ax-US & F AUS
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» SPAD(Chlorophyll Cont.)

a
30 ab
24 -
';.
=]
g 18
5 12 -
o
W
6 -
0 ’
White Blue BR QD-LED
treatment

(19 2211 2 & A2 4 =rQle] |54 FHSPAD).

- BA WE £H F A VL 4P B FFEW), FNIE), FAFR), ETF
(B+R), QD-LEDRIH 455719l esk A4  uiel fol4d g vl wash] sis

AAIER 5. WH-2 20,000cc OTR(Oxygen transmission rate) film Z% % 8C AW 10¥
3 ARG,

r
2
o
2
ofy
N
N
P
o
rlo
O}Jl

JAB)FNA 7 FHom wHe) QD-LEDAA 7bg 2 veki
2 o2 QAT AT Za HLWIAE 35%2 GeA Yo BE A
T2k 2 Fode gidom, AAFE PAR A% Ay FAATE AT ARE.

* Fresh weight lossrate(%6)

I White = Bluge
85 Red B+R
QD-LED
0.4 -

0.2 -

Fresh weight loss rate(%)

0 2 4 6 8 10
days of storage

[17 222] 8C oA 20,000 OTR 5o =2 4% & 2o WA FT ZFA2E(%).

[¢)
o A7 %91 m ol & HolA| gk 6& xx& %

=% a
, Hunter a*gk3} b*gko A A3} H)$=3 Ao YL

=2
X
)
t
w
1
1~
39:
=

=33 B+R)# QD-LEDZ oA 10¥ A Fo= o] ¢35 Jor, o&
AL & AgTFolAe 4 F5 4% 2 59 Bl 4= st olFH7 LA
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*  Oxygen, carbon dioxide and Ethylene concentration

>
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-~ 208
s
2 206
Q
=]
=
g 204
3

202
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oo

White —Blue
|  ——Red —B+R
QD-LED

1] 2 4 [ § 1o

days of storage

Carbon dioxide conc.(%)

L
=

-~ 20 Tl
=
E;
g 15 A
=
=]
o
210 -
= |
]
i E 05
(]
| |
1 . : . . . 00 . ; ) : :
0 2 4 6 8§ 10 6 2 4 6 8 10
days of storage days of storage

(28 223] 8T oA 20,000 OTREEC 2 x4H & Zu|Qle] 4HA(A), o]4tsterA(B),
S =k

*  SPAD and Hunter L*, a*, b*

A30

24 -

SPAD{value)
o B =

=

[ 224]

l

W

A1) 5= W3k

Hunter
a*b*

20 -
15 -
10
5
0
-5
10 -
White Blue B+R QD—LED P
treatment
8C oA 20,000 OTREEo.2 A% &

*  Visual quailty and Off-odor

A . ‘isual quality B 4
3 3
2 2
0 0
White Blue B+R QD—LED
freatment
[ 225] 8C Al A] 20,000 OTREELS = A%
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Z 2 2le] SPAD(A)®} Hunter a* b*(B).

Off-odor
White Blue B+R QD LED
h'eatment
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- ATEE B ATE A2 J4 Fgel A o2 I 2HNAR FEI} o
2 7 shgle] ol HRulel AFe] A%, w3 FUss Sof FA vHE

- F5 60 £ 10%

- A 16A17HH), 8AIZHSD

- F5: 100(433%), 200233 %) £10 #mole/m.s (40W F-<)

- tj =7+ White LED

- 2]2]+: Blue, Red, Blue+tN-Red, Blue+W-Red(QD-LED],2)

- AR A2 A

C ZAE A B akF & TL7MA 9 Wobss AL, Wotd YA F He T
B2 1 49 tA o2 1293 37HA] FEolA B =%, d4F, 9

Xz
AASTH d524 FFHEPAD), A%, & de T, dEASLI T,

_{

= 2 Folin-Denis WH o2 433 +(Zhang 5, 2006). A& -&<(Img/mL) 100

Yo o
N
N
Qﬂ

I &
Do
=]
=
it
BN
o
p‘g
gats
o
o
ofo
2
ftlo
o
rlo
2
2
Do
>
)
ofr
2
o2
ﬁ:‘
ot
ol
BN
N
(@)
=
3
2
>

AstA L, gallic acidE o] &3 HFAAF wlusted FHE S mg gallic
acid equivalents(GAE)/g2o.2 UEM NS
- F CtEAo o AHE e AAF 222 AFHS] 95% ethanols} 1.5N HCIE
85:15(v/V)Z &3 FEHNES wxpalgtel 2mLE ¥l vh e vhgk 89S wmloj=
Bl Az oA 24A47F BB F 13,000rpmoll A 2083 LA
A <. 183 #3F F=ABiomate 3S, Thermo Scientific,
USA)e] 535nm oA FFEE FAHSH F UdEA Y FEFS AFESHA S(Fulekiok
Francis, 1968; Islam &, 2019).

i
4t
T
2
—_
3
—
5 (i
)
=
i
S
s
oz
P

Anthocyanin (mg/100g fresh wt.) = (absorbance at 530nm x volume of extraction solution
x 100)/(wt. of sample of gram x 98.2)

-DPPH 22 4752 Oboh (2005)¢] ol Fste] A S 0.5ge "WEE 20mLa} 4]
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o [
N

e o

T #d A& 0.ImLe 0.4mM DPPH ¥eHe &mjE &3 ste] d=zAdlA 30
234 F=ABiomate 3S, Thermo Scientific, USA)S AF&3ta] 516nme] &%
AotR . DPPH &4t 8 £2AF2 HEEE ey oH 53 22 34& 3

2
X

op I AL 2

ﬁ.'l',
2
dlo

DPPH Radical scavenging ability (%) = [1- (Sample A516nm/ Blank A516nm)]*100

White LED Blue

Blue+Red \ QD1 \ QD2

[Z19 226] 7164 =4 9F Ao A& A3

- a7A%
A2l FAe] Lol g WF F 4UA YA ¥ QDL QD2 1T WelAdE
85% wlelol o2 tE Aol Hls) wtou, 5AA e F AT olM 95%0]d 2

ol &2 HYL.
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1 2 3 4 5 6 7 8
Davs

(29 227] € 7}A) Fdo] w2 A2l FF FAo] dopg v

T2 BEE AgTols 1@=rF whon, FUEEE QDI M w2 FAE EA
H

CPEa FFE BRI P EROU F9W Aold] oS UYL

12
s Bl = [ s [ =g

8
0 '
W B R B+R Q2

Fresh weight (g)
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35 .
g ., LEPN T
=
?D“:' 25
£ B
£ 20
a
— 15
£
210
ge
5 5

]

B+R o1 Q2
Treatments

(19 228] 2 714 Fdol @& A=l 5o AATH 454 ¢ vla.
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160 160

%

Plant height (mm)
s B

Leaf height (mm)

(=]

Lh
o

i
<

[¥5)
[}

(=]
=

Leaf width (num)

-
=

14 18 pays 22 26 14 18 pays 2 26

(T8 229] 2 71A] Fdol mE Hzrd 5o 24, 94, 183 4F
H 2l

F2e LFEGAE W, QDL R £AE Ao, AFEeE QDIeIA 7Hg 2L,

QAL FEAA WrE M dRloen gso®E QD2, QD19 +AHI, AFEoM=
QD23 QDIoAM & A2l 7o s A=

cQEe REM W, R B 22 W3, AFZAE QDL QD2, BR +02 YL
A TR 7 FdE AT AT QDL QD27F ©gE Aol mls) #4439
o
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W B R B+R ab1 Qb2

80

Hae Ol* Ea* Hp*
60
40

L* a* and b* value

I J L

-20
W B R B+R Qb1 Qb2

60
oo OL* mgx Dpr

40

ZZ —= = Lﬂﬁ i - Ha—+

20
(719 230] 2 71A Fdel mE Hzrd 5o A= v,

L* a* and b* value

AR R WA o] EFHYY QD2, QDL B+R, RolA %A 2

[ 46] 2 /b Belel we Hzdel Yo WA Fd wa(ngs

Total phenol Anthocyanin DPPH

(mg GAE/ml) (mg/100g FW) (%)
Blue 3.92+0.28 5.22+0.53 81.3+ 1.6
Red 3.30+0.35 1.79+0.74 887+ 1.4
Blue+Red 5.76+0.30 7.91+0.15 53.9+12.3
QD LEDI 6.07+£0.31 8.21+0.08 414+ 84
QD LED2 5.50+0.56 7.89+0.68 60.2+10.7
White LED 1.91+0.21 1.27+0.15 89.2+ 0.1

L 9l9) ASE FHA 2 ), ol FHA o7k YAL, AAFH B WE A=
S AFEAH QY GFo) FHARD DL QDL ABFRN AZAY ALE 3
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QD LED 1

QD LED 2 ' WhitesED
(18 231] ©@71A] Fdo) w2 2wl A3 A £5Y 4 v
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AL Rz olAY Ma] MA A £ 79 (37143)

- ATEE . AFE QD LED HAA AME A=W oA Ao £F Ay Fu
A% MAXE 24 THstLa A%

Ll
do

|
r2

;_rL

Al RA: Tols- L5, 20+2TC, £5%: 70+5%RH

o
i)

- 339 : QD LED 200+10 z#mole/nf.s

. x-] ;g—

BN

7 8T, 23t =:80+5%RH
LT N AHE B9E 2R
- g7 1,300, 20,000, 40,000, 100,000 cm®/m?/day/atm oxygen transmission rate (OTR) Z &

- B AAT A, o, I s, olitEEa, Cddles, JA(L,ab.chroma, huegh), A
224 a, b, SkEAo, peroxidase 4, #l&, DPPH &4

- q7as

- 20,000 OTR Egeo] EAA A 19.25 % -19.95 % 4FA, 155 % -4.90 % o]itsiers 2
5.10-8.06 uL / L AqEANE BP=d, A= 72, 9F 4, 924 =5, A4 (L * a
b AR B Az 45)E 23 FdFe FE HEA MR T 4dE e
A=

20,000 OTR & EA&7= 30 €9 7P =& AR 85 UEUE.

L 0‘5_' i

elu A 3 ) B a

< 5 2041

= 9 < Perforated film EM' T

- + 130 cn’ OTR 3 o .

: = 20,000 cm’ OTR : i b

%, F e’ 0y F ] b

= 100,000 cm’ OTR 2 - !
ﬂ h u-a T T Ll I L] L} u ] L] L] T I 1
0 10 2 30 0 5 10 15 20 25 30 05 0 15 0 235 3

Days in storage Days in storage Days in storage

[27 232] A=wl oSl A9 8 THA T AT ZaA-B) 2 &0 W3}
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2¥A ~27p
& k*i'u 2 P
2 20 i g 1
= & = 154 a
i ¢ T 3
@ bt 104
2 ”
£ 104 * 1300 em’ OTR : .
2| = 20000’ OTR b 3 h
¢ = 1 ¢ 5 b
@ 57 -+ 40000 e’ OTR 2 b
& | 100008 em’ OTR g _4_,/"’—"—'
E T T T T T 1 3 1 L] ) L] L) 1 vy 1
¢ 5 10 13 W 25 30 T T T AT T L 65 10 15 0 25 M
Days in storage Days in storage Days in storage

(2% 233] A=wRl oJdd A5 8 CTAHR T =W 4H4(A), o)4tstetaB) 2
NL=HC) F= W3}

[3 47] 8 CollA MAZAS 30¢zt AAS 2w oJdd FFo g4 (L* a*, b, a*/
b*, chroma, and hue angle ©h) ¥|w

Treatment Colour Colour Colour Colour Colour Colour
L*) (@a®) (b*) (@*/ b*) (chroma) (hue angle 2h)

Initial 37.67+054 1.32+0.35 3.35+0.63 0.37+£0.03 3.66+0.75 106.11+1.85
Perforated film 36.86” 4.13b 8.96bc 0.43b 11.15bc 127.49a
13,00 cm®* OTR 40.85 7.51a 11.97ab 0.61ab 14.33ab 119.84a
20,000 cm® OTR 38.28 6.39ab 7.90c 0.82a 9.38¢c 88.13b
40,000 cm® OTR 39.4 7.84a 13.58a 0.57ab 15.87a 114.23ab
100,000 cm® OTR 41.05 6.82ab 13.06a 0.52b 14.93ab 111.45ab

p Value *% *% *%k% *kk *kk *k%

p value of OTR NS NS wHE whE ok ok

“Mean separation within columns by Duncan’ s multiple range tests (DMRT) (n = 5). NS, **, ***
not significant, and significant at p < 0.01 and 0.001, respectively. Initial value indicated mean
=+ standard error. Mote perforated film storage day 15 and OTR  film storage day 30.

- TS 20,000 OTR FEEZAA ] FolA &

25t HASATA 40 7HE W,
gt ol d= ¥ DPPH &4ts) EL

HEMY C 5% =98
- o]Abe] AxZ Eu] 20,000 OTR 2L 0] &3] MAP AFZo] %
| % Aol AT Aoz ATHUS

= .

Hzuel el Aol &

Mo

N
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[ 48] 8 CollAd MAZAE 3097t A3 HZu oA AF2| Chlorophyll a, chlorophyll
b, total chlorophyll, SPAD and anthocyanin %% H]ul

Treatment Chlorophyll a Chlorophyll b Total Leaf Anthocyanin

(ug/mL) (ug/mL) chlorophyll chlorophyll (mg/100gFW)
(ug/mL) content (SPAD)

Initial 13.11£0.39 7.84+0.78 20.94+1.17 25.85+0.73 2.76+0.99

Perforated film 6.13ab” 1.21b 7.34b 16.68 2.83b

13,00 cm® OTR 7.55ab 2.05ab 9.60ab 17.36 5.43ab

20,000 cm® OTR 6.65ab 1.26b 7.92ab 18.17 5.81a

40,000 cm® OTR 8.66a 2.08a 10.75a 17.35 5.42ab

100,000 cm® OTR 5.92b 1.34b 7.26b 16.83 4.35ab

D value ok * * NS *kk

p value of OTR * * * NS *

‘Mean separation within columns by  Duncan’ s multiple range tests (DMRT) (n = 5). NS, *, **,
***. not significant, and significant at p < 0.05, 0.01 and 0.001, respectively. Initial value indicated
mean =+ standard error. Nofe: perforated film storage day 15 and OTR  film storage day 30.

[¥ 49] 8 CollA MAZAE 3097+ A3 HZu9 oY AF9 Peroxidase, flavonoid,
phenol, DPPH, and vitamin C &% Hln

Treatment Peroxidase Flavonoid Phenolic DPPH Vitamin C  Off-odor
(U/mL) (ug/mL) content (umole (mg/100g)
(ug/mL) TE/mL)

Initial 0.34+£0.05 71.53%+6.32 220.79+9.7 182.86%+5.86 13.94+0.47 0.00£0.0

6 0
Perforated film 0.79p 35.87a 199.13ab 132.57c 8.73b 1.35¢
13,00 cm® OTR 1.06a 4.03c 171.66b 123.32d 5.94d 2.80a
20,000 cm® OTR 0.64b 36.72a 207.52a 165.45a 9.37a 1.65¢
40,000 cm® OTR 0.95a 11.46b 197.11ab 147.00b 6.88c 2.25b
100,000 cm® OTR 0.94a 2.12c 192.06ab 94.82e 5.54d 2.60ab
p Value kK *kk *% *kk *kk *kk

*khk Kkhk *x *khk kkk *hk

p value of OTR

Mean  separation within columns by Duncan’ s multiple range tests (DMRT) (n = 5). **, ***
significant at p < 0.01 and 0.001, respectively.  Initial value indicated mean =+ standard error.
The off- odor was rated on the basis of 1 to 5 ranked (1 = excellent, 2 = good, 3 =
moderate, marketable, 4 = bad, and 5 = worst). Nofe. perforated film storage day 15 and OTR
film storage day 30.

- ATER B ATE MR AR S15H Pl B oz E 2HIM
B A shgTel Flol AR HRel B wobst A%, Iu3 FAs S FA

nAE S AR mAs dFS LdotRaA TS5
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- Al Wolg- &5 20+2C, 5% T0£5%RH
FE: 43+2 gml - m? s

- J &7 ¥3% (Fluorescent lamp-FL)

- 2] White LED, Blue+Red, Blue+W-Red(QD-LED)
- SAA R Az

- ZAY 8 ol&(Germination rate, GR), ®ro}Al(Gemination energy, GE), 3ol
(Mean germination time, MGT), ol+Yd%=(Germination uniformity, GU), o}
(Germination speed, GS), 18] H ol =(Mean daily germination, MDG)

o~
T
Ly

a-

GR = (N/S)x100
GE = (Nx/S) x 100
- MGT = X (TiND/IN
GU = X[(MGT—Ti?Nil/N—1
GS = X (Ni/Ti)
- MDG = N/T
(N: F HolgA, S0 F FA TAF, Nk 7H8 go] otk d7p4] &
4, NI 2AF G o] WolEabaE, Ti: A & 2ALSE, T & AL )
Ad = wiFe] A WHEtE 43P, AYTFEE F3 I T A
%, FEA oA 3, DPPH &2 &A%, & A+, A+, 3%

(0]

o
<
o\
R

AR ZAY

- AR 228 Fli(sterile sample bag)ell B B4 18mLES 7Fske] 10w 3| A Al A
stomacher(Power, mixer, B&F KOREA, Korea)E o]&3lo] 383t #2342, #23td
A& 0.2mLe FHste] 20mLe) HEiE 345t HF 10008 34 S AxeAw. #A
+ Petrifilm TM count(3M Microbiology products, USA)E AF&3tH a1, 314 1.0mLS wjA
ol B3k AlF(35C, 48A17h), A (35T, 24A1%D), -]l F3F0](25T, 72A13) Z4+2r
sl Asd4 =S4 7](Petrifilm Plate Reader, 3M, USA)Z F=<=(colony form unit:
CFOE A4t =(Lee &, 2009).

3, 2 LEDAEl2} QD-LEDAIA 81-85%, WZZ(FL) A A= 76.3%= 717 Wk

ol A(GE) = dxdo] 71 w9kon, i dold =MGD= A A+2 A (Blue+Red)7} 714

waron, Wolgdrx FA+H o] 71 £ £XE YERAS. dolsEE x4, A

A+H A 783 Red7t ©hE2 Aol vlE)] =3ke

TAE BAw. HT Pdolgo] B2 AYFF /M ko, dxde Mg =AU
%S

=
Bt AR A% FRe gzdde] Wolshi Zlo] A Ao Az,



L ZAke] wolel AL FA EE ABolt FFol wet sl s slow
4. BT % T Golo] Wt Ao AuPPAlE G F 5 9ol AR
FzANA

A EES FAZS #F3r|= 3 dE A|doA AiEE AR A
olgo] L AL Wolr|zt F FRAL Fa glo] Ak A= =
=]

=)

k

[ 50] ZF Fddol & AHF FA2] dol&(Germination rate, GR),
ol A (Gemination energy, GE), 3 ¢'&¢old s~(Mean germination time,
MGT), 2ol =(Germination uniformity, GU), ®o}< % (Germination
speed, GS), 18]al ¥ dtol4 = (Mean daily germination, MDG)

GR GE MGT GU GS MDG

(%) (%) value value value value
Blue 84.0ab” 70.0a 0.42ab 4.6b 1.42ab 6.0ab
Red 85.3ab 84.4a 0.40ab 5.4ab 1.57a 6.1ab
Blue+Red 81.3ab 78.7a 0.36b 6.1a 1.60a 5.8b
QD-LED 81.3ab 79.3a 0.39ab 5.3ab 1.46ab 5.8b
FL 76.3b 72.7a 0.43a 4.4b 1.27b 5.5b
Dark 94.7a 90.1a 0.45a 4.9ab 1.69a 6.8a

‘Mean separation within columns by duncan’ s multiple range test at 5% level(n=3)

A FRY ALYEE £ T AR AR YAFS BE AT Holdf
Foge 9Ne. BHY whE A% AE FH Aol YUY H e BHY
z A4 AN f; 24A17¢ Sobwk QYY) qBel FU AT AR W %

50 10

40 8

23 Es
- Q
2 =
] =]

220 o
w —
g E
i =

10 &2

0 0

Blue Red  Biue+Red QD LED Dark Blue Red Blue+Red QD LED Dark
Treatments Treatments

(13 234] @ 71A] Fdol W& 25 A YATH =4,
H g radical 27%5 ZHHOPPH)S o] &3t A3 AL, HA+4

s
ol AYT T #FAAQd e FAE UHEUH M wds BRE AT
40-45% 2 S BRI, &F A e FE2E5S 5004g - mL7E HIed S W e
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W 43.39%9 FAME $22 UERR LS.

cHlE P GRS P o] T F b %74] Wepteh Bdel oE g
E YA TR 3T AR ERI 3
2

5

-
Bk, FAeA A, Bx, A4, Gz solguul, ot WEe M= Aol fAH 2
B}E nYe

Gz HF] AGH WE At 244 FEA T AEE NnE A SHNA 2
Ae UehlE ot ¢S E189e. A9 BRAL A 27)gel s 2447 BEA F B
E AYTIE S0 F/HstEE, FA+AMo] b Egon theo® QD-LEDIIA =%
2. BEA] ME FHAY AFOE GRAt YYHAA AL @A Hed, GH& G
B B AN B AN A vl gel 2adol Bastra ToAS
o FEANA ARANE A4S Hlow, FHo) o3 AN FEob FohA A}
2477 Hel F WiEe] MEE FA3) QD-LED7 27133 743 fASIAR, eoE 3

A Aol A 5k

[5£ 511 @ 744 #o] G2 AR Qo] 4G I A%, SHEFF, FEA R
=¥, DPPH &}t &A%
a* value

Total phenol Anthocyanin DPPH
Cotyledon  Hypocotyl ~ (mg GAE/ml)  (mg/100g FW) (%)

Blue -9.1bc? 25.1a 0.55b 5.21a 43.1ab
Red -9.6¢ 17.5b 0.65ab 3.55bc 43.8ab
Blue+Red -13.9d 22.3ab 0.76a 3.24cd 45.4a
QD-LED -10.5¢ 24.9a 0.55b 5.08a 43.7ab
FL -6.3ab 18.6b 0.65ab 3.78b 40.1b
Dark -4.7a 16.6b 0.80a 3.06d 45.1a

‘Mean separation within columns by duncan’ s multiple range test at 5% level(n = 3)

71w}

A
A2

rl
Hir
flo

REEECEDRIE MAE od sbsde FoliA LED #2471
A

Ao a3t 9=
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7.0

@Blue @Red OBluetRed 8QD LED OFL ®Dark
6.0 |

5.0 1

4.0 ¢

3.0

Colony count (log CFU/g)

2.0

1.0

0.0

E .coli

[Z27 235] 2 71A] @dol e A7 A% F Ad, A

ol
N:)
ak
o
o
&

-2 ANTFE BE AHYTI A4 JErsew, tiA#Q Ecoli= QD-LED7} tE A
A 7 Sk F FFo] Fo ASe HEHAA FoAA Jde THE e FX
3 & 9

B
QD-LEDel Eg= o] = A4
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[Z19 236] 2 7FA] 3ol wE 25 A% Auf 2 3 & o
H] 1,
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2-54d. YT %

s
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(8) Xanthomonas campestris(/‘ﬂ T+ FHH)

CAFAATAE e A Al 524 Hol Uehd 53, @a7} selAY wzt A%
G4 o7 wod Wel o] W2 T WAL 2ok FA B

[3£ 52] Selection of major pathogenic microorganisms causing disease of lettuce and tomato

Fungi Bacteria

Rhizoctonia solani
Phytophthora drechsleri .

L. . Pectobacterium carotovorum
Sclerotinia sclerotiorum

Sclerotinia minor

o Xanthomonas campestris
Botrytis cinerea

Fusarium oxysporum

U. QD LED =9 A|¥ light box A&

* Ligth box2 QD LED=W| & WHAdA rlAEe A4 a3t 7IWEdd3} QD LED=
ol R mAEe A A TS =AY fs] AAsHA+. Light boxe =

-

We F7b AA @ 4 Qo v ol WACR o AL WAL & A A
AL, B Belste] 95 H2 44 AV 47 BP9 FUlA AY AW 7}
w5l e

¥ /

(28 237] Chamber with different light conditions including QD-LED.
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A =7 AA>

[ 238] LED lights installed in the light box.

Ch. QD LED =92 o|-&3 A28+ A 71U

D a3

LED =93} wjoFats MU Aole] Hol& B ¥Astel =8 Y5y, =4S F
7}% Aol FEE 2YHES. 299 Fol: 247 15 em, 30 om T 50 em O]
zq3te] AP on], z9e) AFE 22 1 N2 AHSHAS. I, light box W

4 25E 25 ~ 28CE AAsYPon, gxTe dxdoz HAHSANT LED Ade 474
Aba#k 3335 (FL), BLUE (450nm), RED (660nm), Narrow RED, Wide RED (M1), Wide Red
M2 AAFAS. BATFS 239 A;  Pectobacterium  carotovorum(T-5 )3
Xanthomonas campestris(AlTH A FH ). 2 ASIH AL, 652 FF0l; Phytophthora drechsleri
(9%, Fusarium oxysporum(XE<"), Sclerotinia sclerotiorum(Z=3 ), Sclerotinia minor(=+3)
W), Botrytis cinerea(2 4 3°|"), Rhizoctonia solani(B-sH=H)E UFo=Z AFE& 33

o] HYAd AT micropipettes ©]-83Fe] 30u A ZHZE TSA wji Xl HF
Sbstal, zhzke]l WlddS kel FAvith 12RO 2 23] wj skl PDA HiA]
gk 652 WYY FFolFE 8mm cork borer2 EE]5t] Ay E agar plugEs 2+t
M= PDAMIA] %o HEG-S. 2434 835, BLUE (450nm), RED (660nm), Narrow
RED, Wide RED (M1), Wide RED (M2) 6F /<] =& light boxoll 1702 A% o]-Oq A&
8P & 3709 2HE FUtste] F i 2HOE FEE o AFPsAa, 4TS =
"ol Fol& 15 em® 30 em 123l 50 cmE AAT § A7 whHE 7353'5}?3\%?.
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N
ol
Lo
Hr
K

: 15 cm / Z9He N 1)

=
og

ol
-

gl EolE 15 cmE AAsIY FLdF HY
ALBAT, FAHlA WFH JAET g BT
Aata 24PS APAAE. WFEEE 2 Fo| P94 ATl
d = wAGel colonyTE Z83A=. Xanthomonas campestris & * €]
of #AGe] weE S22 A 2d Fol= colonyTE FAHSHE Aol =TSR,
Pectobacterium carotovorum T2 749 ZHE At vkt HAdFH thzFoe] x}o)
7k 719 §l%1eu Wide RED (M1), Wide RED (M2) ZR A 22 11.8%, 15.6%% &
A AAEe B =

e
tlo 4
o
fit
s
o
P
ol

=
lo rr

=

r
N B oE o

lo M K
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A2 e
m 2
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o —H
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i
[e%

[ 53] Bacterial colony counting on plate grown under different light conditions

Bacteria
15 e/l light Pectobacterium carotovorum Xanthomonas campestris
G ey 710.04 uc
BLUE (450nm) 687.96 ucC
RED (660nm) 608.38 ucC
Narrow RED 665.21 ucC
Wide RED (M1) 584.31 ucC
Wide RED (M2) 558.42 ucC
Control 663.08 UC

*Bacteria grown for 2 days
**UC: Uncountable
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Control

Pectobacterium

carotovora

Control

Nanthomonas
campestris

[19 239] Bacterial colonies grown in light box (15 cm/1 light).
(A: 9% 335, B: BLUE (450nm), C: RED (660nm), D: Narrow RED,
E: Wide RED (M1), F: Wide RED (M2))

HAA FFo|dS HES F 4Y T Sclerotinia sclerotiorum, Sclerotinia minor 252 WY

AS AP oW, 1 lighte] @A A zWo| S sclerotiorum 3
Sclerotinia minor ol 3l AAAA EHE B S sclerotiorumﬂ‘% RED (660nm)Z%™
oA 3.7%2 71 F& A &S 2P o™, Wide RED (M2)ZH A 203%= TS =HH
o ¥wA = 2 S BAS. S S minord2 1 light 2719 ¢ A A
HE BAS. 7 @2 9AlE&S B RED (660nm)ZH
of| Al 24.8%2] A A E&E 1R o™, BLUE (450nm)Z™ oA 7Hd &2 74%
o] A EHE B3, Narrow REDEZHAA 63.7%, Wide RED (M1)ZH oAl 36.3%, Wide
RED (M2)ZWAlA 59.6%= A AAES JASAS. HYH TFol+ AF 719 &
Rhizoctonia solani, Phytophthora drechsleri, Botrytis cinerea 35 -4 Ao g FAF AR
S =HH oW, 1% R solani 9} P. drechsleri 2&2] WATHS 5—% oju} Fxo A S
o] AAAA a7} ¢S AR, SHAIN, B. cinerea w2 FAAZHOZ =2 HAF A
AgA @35 2. BLUE (450nm), Wide RED (M2)Z" oA 2+t 73.6%, 73.9%°] &&
A ARAA &S HAT RED (660nm), Narrow RED, Wide RED (MDZEHolAE

2
o mto

N
l:o\l
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46.8~64.5%2] =& AAAA] EHE AP O, =3 50em =09 =S AHIHUS A
¢ vlste] B. cinerea ¥ 15cm =o°lo|A QD LED9} A2l ZWol sl F 30~40%
o =& ‘?H‘]' ARAA &5 BAL. oA HZF 149 ¥, Fusarium oxysporum 2]
A S SRS RS Hlstds W 25 O $2 A RS BYAN QD
LED ¥ A2 zwol tjat Aol &nsh Aol gickw wekg

[ 54] Diameter of fungal mycelia grown on plates under different light condition

. Fungi

15 cm/1 light

R. sol P. dre S. scl S. min B. cin F. oxy
O ey 8.50 8.50 7.88 6.02 3.77 6.90
BLUE (450nm) 8.50 8.50 7.35 2.21 2.25 6.84
RED (660nm) 8.50 8.50 8.19 6.40 4.53 6.87
Narrow RED 8.50 8.50 7.93 3.09 3.02 6.83
Wide RED (M1) 8.50 8.50 7.18 5.42 3.02 6.74
Wide RED (M2) 8.50 8.50 6.78 3.44 2.22 6.69
Control 8.50 8.50 8.50 8.5 8.47 7.30

*R. solani, P. drechsleri, B. cinerea were grown for 7 days. S. Sclotiorum, S. minor were grown for 4
days and F. oxysporum was grown for 2 weeks.

100 -
90 -
80 4
70 - =z
60
50 A
40 A
30

20 4
]U- l
o L

Blue

15cm /1 light

Inibition rate (%o)

Wide Wide
Red(M1) Red(M2)

B S, sclerofiornm  ES. minor

100 -
90 1
80 4
70
60 1
50 A
40 1
a0 4
20
10 A

15cm /1 light

Inibition rate (%)

BR=| = = =|
FL Blue Red Narrow Wide Wide
Red Red(M1) Red(M2)

BE. adnerea BF. axysporim

(2% 240] Mycelial inhibition rate by different wavelength of light on various fungal plant
pathogens (15 cm/1 light).
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Control
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Control

Sclerotinia
minor

Botrytis cinerea |

Contrgl

Fusarium
oxysporum

(2% 241] Diameter of fungal growth in light box (15 cm/1 light). (A: 233 335, B:
BLUE (450nm), C: RED (660nm), D: Narrow RED, E: Wide RED (M1), F: Wide
RED (M2))

- 29 Eo] : 50 ecm / ZHE M 170

2 T YA ATe W 19 F mE SR AAsAoH, 2d Fdde WA



colonyTE AT 4 gl RED (660nm), Narrow RED, Wide RED (M1), Wide RED
(M2) Z=HollA wjgst WAL T B8] of 28} o] O E& AAES EIoH,
BLUE (450nm) Z=9ollA vl fe Wl tix7-9F vlals) ot e AdES Hids.

rlo
)
BN

[ 55] Bacterial colony counting grown under different light conditions

Bacteria
50 cm/1 light
Pectobacterium carotovorum Xanthomonas campestris

N3 292.04 uc
BLUE(450nm) 276.67 ucC
RED(660nm) 377.67 ucC
Narrow RED 652.67 ucC
Wide RED(M1) 631.54 ucC
Wide RED(M2) 605.88 ucC
Control 309.33 ucC

*Bacteria grown in 2 days
**UC: Uncountable

Xantomona
campestris

[19 242] Bacteria colonies grown in light box (50 cm/1 light).
A: a4 ¥33-5, B: BLUE (450nm), C: RED (660nm), D: Narrow RED, E: Wide RED (M1), F:
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Wide RED (M2))

A Z 3] Sclerotinia sclerotiorum, Sclerotinia minor & HE 44 T ARG =AY
sclerotiorum, S. minor T WY 5 BLUE (450nm), RED (660nm) Z ol A 3~18%
AL QA a3E B O, Narrow RED, Wide RED (M1), Wide RED (M2) = ]|
= M8 ARAA &35 & 4 glol LED A iz ARdA a3 fle
Z A, 3V, Rhizoctonia solani, Botrytis cinerea, Phytophthora drechsleri 352 ¥
T 74 & AAAE SH-H3IHS. R solani 2} P. drechsleri 2&2 2 LED ZHoA
"—1”\}"378'04%] 9 w4 a3 e AL QA5 o, B. cinerea ¥oll th3f A+ Narrow
RED, Wide RED (M2) ZWo] Z}7Z} 255%, 29.1%2] A EF}E R BLUE (450nm),
RED (660nm), Wide RED (M1) ZHolAEZ <F 10~18%2 A 3= HYPS. Wb,
Fusarium osysporum & 7o) vl = 1493 v & FAS AR S8R, A
A A7+ 2ol sl 3.5~6.2%2 w2 7AF AR AdAES B+

oo
Moo "

d

oW & fo go oF
:‘,}L_’,
X

flo o
u:Zi

tn
=
]

S0cm /1 light

= 40
&
£ 30
g
:E 20 1
ol
E 10

U L L

Narrow Wide Wide
Red Red(M1) Red{M2I)
B 5. sclerotiorum  EBS. minor

50 50cm /1 light
= 40 4
g
= 30
g
:E 20 b
=
E 10

0 B E E s E e E

FL Elue Red Narrow Wide Wide
Red Red(M1l) RedM2)

BB, anerea BF. oxysporum

[1¥ 243] Mycelial inhibition rate by different wavelength of light on various fungal plant
pathogens (50 cm/1 light).
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[E 56] Diameter of fungal mycelia grown under different light condition

50 cm/1 light Fungi : ;

R. sol P. dre S. scl S. min B. cin F. oxy
Ak 3 8.50 8.50 8.30 8.10 7.96 7.50
BLUE (450nm) 8.50 8.50 8.00 7.40 7.04 7.30
RED (660nm) 8.50 8.50 7.90 7.00 7.80 7.29
Narrow RED 8.50 8.50 8.50 8.50 6.34 7.32
Wide RED (M1) 8.50 8.50 8.50 8.50 7.03 7.81
Wide RED (M2) 8.50 8.50 8.50 8.50 6.03 7.33
Control 8.50 8.50 8.50 8.50 8.50 7.77

*R. solani, P. drechsleri, B. cinerea were grown for 7 days. S. Sclotiorum, S. minor were grown for

4 days and F. oxysporum was grown for 2 weeks.

Rhizoctonia
solani

Phytophothora
drechsleri
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Sclerotinica
sclerotiorum

Sclerotinia
minor

Botrytis cinerea (i}
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Fusarium
oxysporum

(719 244] Diameter of fungal growth in light box (50 cm/1 light).

(A: 232 335 B: BLUE (450nm), C: RED (660nm), D: Narrow RED, E: Wide RED (M1), F:

Wide RED (M2))

22X 02 P carotovorum, X. campestris< LED ZWA gl ths] A EHE Holx| LSk

W 2F9 BHAX FFBo| R solani, P. drechsleri =3 ZAA ZHol tdt AAAA a3&=
RHolA] AkS. S sclerotiorum, S. minor 2&2] 74-%- BLUE (450nm), RED (660nm)=1 ol A]

7k 5.9~7.1% F 12.9~17.7% 2] A &34E RAS. T3, B cinerea, F. oxysporum 2

o HHd¥E B W el AAEHNE BACH, B cinerea v HE ZT ol M|
Wide RED (M2) ZHollA vl 3 & #A AZAA 535 RIS,

S eRE W EolE 15 cmE At FdI} HATe AYE =As)
< AHEstl o, el iR BT Ak Eé%%—ﬂlfﬂ Ll
° 2

A 4e] = 2+ ksl H
dae 72 24t 43S JPsAE. 252 ¥4 Ade AT 2¢ F colonyE
ZH43H O, X campestris 72 colony & AT F S AE=Z A AE =9
of gk AFAA BHIF gle ASRE GRAsIH e, P. carotovorum®] 79 2T} A g
F 1b9] Aol ol wokor] LED EBAest AE WAA Awel AAN EoHE
Holz e AS FUstA=. WA, 15 em E°] Nl z8e A 212 2F9
BAAR Aol Aol IS HAA e AoE A,
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[3£ 57] Bacteria colony counting in different light conditions

15 cm/4 light Bacteria
Pectobacterium carotovorum Xanthomonas campestris
Ay g uc uc
BLUE(450nm) ucC ucC
RED(660nm) ucC ucC
Narrow RED ucC ucC
Wide RED(M1) ucC ucC
Wide RED(M2) ucC ucC
Control ucC ucC

*Bacteria grown in 2 days.

Pectobacterium |

carotovorum k\

Xanthomonas
campestris

[Z1¥ 245] Bacteria colonies grown in light box (15 cm/4 light).
A 335, B: BLUE (450nm), C: RED (660nm), D: Narrow RED, E: Wide RED (M1), F:
Wide RED (M2)

LA

o

-
A+

o2

olo] A4, o) Aol wet 4, 7, 1407 ekl FAe] AR zv)

il
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o] Aol mE FAMEE AAES FASAS. A 4o 2o ARt 15 em E9]
oA AAE #FAS ZAI BLUE (450nm)ZH-S  Phytophthora drechsleri, Sclerotinia
sclerotiorum, Sclerotinia minor, Botrytis cinerea 452 W 3 FTHOZ =& FA
MAAAEHE KA OM,  Phytophthora  drechsleri= 80.4%  Sclerotinia  sclerotiorum,

Sclerotinia minor, Botrytis cinerea~ 100%2] A &S JEFE.

[3£ 58] Diameter of fungal mycelia in different light condition

15 cm/4 light Fung ; .

R. sol P. dre S. scl S. min B. cin F. oxy
R -y 8.50 6.20 8.50 5.50 0 7.40
BLUE (450nm) 8.50 1.30 0 0 0 6.60
RED (660nm) 8.50 6.10 8.00 3.00 0 7.30
Narrow RED 8.50 6.50 8.50 4.90 0 7.40
Wide RED (M1) 8.50 5.40 8.00 0 0 7.20
Wide RED (M2) 8.50 4.20 5.50 0 0 6.60
Control 8.50 6.60 8.50 8.2 8.5 7.30

*R. sol, P. dre, B. cin were grown in 7 days. S. Sc/, S. min were grown in 4 days and F. oxy was

grown in 2 weeks.

« Phytophthora drechsleri=Wide RED (M1) ZH oAl 18.2%2 A &S HH 2™, Wide RED
M2) ZHAA 36.4%°] O =2 dAF ARAAEE BAS. S sclerotiorum® 73-%- Wide
RED (M2) ZWollA 353%° Al&S BPOHW, S minor= Wide RED (Ml), Wide RED
M2) ZHoA 100%2] =2 A A ES B =3, R solani, F. oxysporum w2
z79 vusdS w TARY AR zolE AY FotkE: 4 glol, R solani, F.
oxysporum & QD LED ZWA g &g AAAA a7} gle A= ddy. =3 15
cm EoloA FAEH 4719 WS AFESt] APsIAE W ZHAA By St= ol o3|
light boxo] W & %7} 32-33C7HAl A5t on F7F4 02 30 cm, 50 cm oS AA

st Ak
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15cm / 4 light
100 -
90 -
80 -
70 -
60 A
50 -
40 A
30 -
20 -
10 -

Inibition rate (%)

.ol

Red Narrow Wide Wide
Red Red(M1) Red{M2)

ME. solani B®P. drechslert

15cm / 4 light

100 4
el 7 7z 7
80 4
70 4 w2
60 o
50 o
40 A
30 4 e
20 4 g
o " . m -

FL Blue Red Narrow Wide Wide

Red Red(M1) Red{M2)

Inibition rate (%)

B 5. sclerotiornim  ES. minor

15cm /4 light
100 1 = T F3 B3R F3
a0 4 fis e fn frsees s s
80
70 4
60 o
50 4
40 A
30 A
20

0 S M 55 E i PR [ PR P [ E p
FL Blue Red Narrow Wide Wide
Red Red(M1) Red{M2)

Inibition rate (%)

BE. dnerea BF. oxysporum

[Z1¥ 246] Mycelia inhibition rate by different wavelength of light over various fungal plant
pathogens (15 cm/4 light).
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Control

Rhizoctonia
solani

Coritrol

Phytophthora
drechsleri

Cormtrol

Sclerotinia
sclerotiorum
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Sclerotinia
minor

Botrytis cinerea

Fusarium
oXysporum

(1% 247] Diameter of fungal grown in light box (15 cm/4 light).
A: 434 8335, B: BLUE (450nm), C: RED (660nm), D: Narrow RED, E: Wide RED (M1), F:
Wide RED (M2).
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HAHOZRE 2Ho Eo|& 30 cmE AAst Fdd HAdHY AZE =43}

B x2S 47 18 AREst] A3 e AP AS. GG EHCA W WA A
HFSolA wjokd HAFS HERT=2 AAST AHS Ay . Sclerotinia sclerotiorum
3} Sclerotinia minore 493¢ ZkZFe] LED light boxoll Al vjFste] ALY AJAS &<18kS
o1 BLUE (450nm), Wide RED (M1), Wide RED (M2) Z9Hol|A =& FA AAIA &S
B AT Sclerotinia sclerotiorum= BLUE (450nm) =™ oAl 94.2%, Wide RED (M1)3 ol 4|
75.3%, Wide RED(M2) ZR oA 100% wAe] Aol AAHE Aes AR, RED
(660nm), Narrow RED ZWol|A % ZHzZ} 21.2%, 42.4%% AA &S B . Sclerotinia minor
9] 7% BLUE (450nm), Wide RED (Ml1), Wide RED (M2) ZHolA 100%2] A A&
A&E BYPYOow, RED (660nm) ZH oA 43.6%, Narrow RED ZHAlA X 90.6%2] &2 <
A&E BF . T3, Phytophthora drechsleri= DNZT-9F vlalste] I 26.3~42.5%2] o
A dAES B e™ BLUE (450nm)ZHelA AA&o] 7Hd =ka. %3V, Bormrytis

cinerea®l 735 EE AT ZHo| il 83.6~100%%Y =< YASES EPSrm BLUE

(450nm), Wide RED (M1), Wide RED (M2) ZWolA 100%2] AAE&ES BEIAS. AT
Fusarium oxysporum-> 2T} Hlulste] o3k Xpol& Ho|x| gFghom A AAde] A
o] d&Fo] Q= AL FASH AL, Rhizoctonia solani= A A A o thste] A &}

3# 59] Diameter of fungal mycelia in different light condition

30 cm/4 light Fung ; .
R. sol P. dre S. scl S. min B. cin F. oxy
A g3 8.5 5.7 8.5 6.7 0.7 7.3
BLUE (450nm) 8.5 4.6 0.5 0 0 6.4
RED (660nm) 8.5 59 6.7 4.8 1.3 6.9
Narrow RED 8.5 5.4 4.9 0.8 0.5 6.7
Wide RED (M1) 8.5 5.0 2.1 0 0 6.7
Wide RED (M2) 8.5 4.8 0 0 0 6.3
Control 8.5 8.0 8.5 8.5 7.9 7.5

*R. sol, P. dre, B. cin were grown in 7 days. S. Scl, S. min were grown in 4 days and F. oxy was

grown in 2 weeks.
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30cm [ 4 light
100 -
o0
80
70 4
60 o
50 o
40 A
30 - .
20 %

13- §

FL Blue Red MNarrow Wide Wide
Red Red(M1l) Red(M2)

Inibition rate {%o)

Y

MR. salani BP. drechsleri

30cm [ 4 light

100 -
% 7 ]
90 A 7

80
70 4
60 1
50 1
40 A
30 -

20
10 %
]

FL Blue

Inibition rate (%o)

Narrow Wide Wide
Red Red(M1) Red(M2)

B 5. scleratiornm  E15. minar

30cm [ 4 light
00 4 B3 ey HES
80 4
70 -
60 +
50 o
40 +
30 4
20 4
10 4

Inibition rate {%o)

E = == HE 2I=

Blue Red MNarrow Wide Wide
Red Red(M1l) Red(M2)

BE. dnerea BF. oxysporum

[29 248] Mycelia inhibition rate by different wavelength of light over various fungal plant
pathogens (30 cm/4 light).
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Contrel

Rhizoctonia
solani

Phytophthora
drechsleri

Sclerotinia
sclerotiorum
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Sclerotinia
minor

Fusarium
oxysporum

(19 249] Diameter of fungal grown in light box (30 cm/4 light).
A: Ik g5, B: BLUE450nm), C: RED(660nm), D: Narrow RED,
E: Wide RED(M1D), F: Wide RED(M2)
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LAYl A8E PARoERE 2P| ¥olE 50 om MRl FAR YAFY ALE
2R3 RS 2HE ASSHAL, PFEAA MET FATH A5 FFFAA A
kel [e)

272 AA APES AYsAS. 2 T HYA AAFs HET 29
colonys =43RN SHM, X campestris T2 colonyTE FAEY T+ gl AEE A
g Z9o t3t AAAA a7} Qe ASE AU P. carotovorum & BATE xR
TFEY A FoA B B colony’} S4EF o] QD LED ZHA |7} HUTF A A
B35 HolA gete As FUFA .

[3£ 60] Bacterial colony counting on plate grown under different light conditions

50 cm/4 light Bacteria
Pectobacterium carotovorum Xanthomonas campestris
Aot 3 692.04 uc
BLUE (450nm) 576.67 ucC
RED (660nm) 577.67 ucC
Narrow RED 652.67 ucC
Wide RED (M1) 531.54 ucC
Wide RED (M2) 536.88 ucC
Control 508.31 ucC

*Bacteria grown for 2 days.
**UC: Uncountable

Control

Pectobacterium
carotovora
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Control

Xanthomonas
campestris

[Z18 250] Bacteria colonies grown in light box (50 cm/4 light)
(A: 294 3375, B: BLUE(450nm), C: RED(660nm), D: Narrow RED,
E: Wide RED(M1), F: Wide RED(M2))

- 4709 light®] ZZNA 4L3r vl & Sclerotinia sclerotiorum, Sclerotinia minor 2 &2 <%
A FFole] FAAAE SASH . S sclerotiorum T2 Narrow RED W& A £$H yr
A zgol A Ao AAHE BES BYonw oA&S RED660nm) ZEolA 7.7%= 7}
2 k3l Wide RED (M2) ZHolA 36.4%% 7F4 =41 YEPE. S, minordl tldte] BLUE
(sonm) = & Ael YRS 805% AR RED (660nm), Wide RED (MI) 73 &

ZYZY 40.4%, 48.5% “1¥]3l Wide RED (M2) W2 67.2%2] ¥ #AF AFYA &35 1

. Rhizoctonia solam, Phytophthora drechsleri, Botrytis cinerea 352 WY F3Fole A5
797 Mg & RS SHSHS. R solani S} P. drechsleri 2E2] WATS tiET9
Ao Aol ApolubA] eigkem, LED =Wl A7l HAddo Ao &S wAA
B Zlo® HAR B cinerea®l 7 HAZQ xHoll diste] A EAAE HIJL T F

Wide RED (M1)ZW# Wide RED (M2) %2 7t} 30.2%, 43.1%2] A &S R om,
BLUE (450nm), RED (660nm), Narrow REDZ% S 217} 36.4%, 16%, 29.9%2] AR < A
BIE HAS. Fusarium oxysporum < FE 144 & AZE AW dFHY Az
T vt o FARe] A ztolE AL ZolE & §lo] Fooxysporum & LED
A el o3 AAGA a3rt gle ASE HAF.
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[3£ 61] Diameter of fungal mycelia grown on plates in different light condition

50 cm/4 light Fungi ) )

R. sol P. dre S. scl S. min B. cin F. oxy
CR Ry 8.50 8.50 5.74 0.98 6.97 7.80
BLUE (450nm) 8.50 8.50 7.08 1.66 5.41 7.60
RED (660nm) 8.50 8.50 7.85 5.07 7.14 7.55
Narrow RED 8.50 8.50 8.50 8.50 5.96 7.81
Wide RED (M1) 8.50 8.50 6.81 438 5.94 7.55
Wide RED (M2) 8.50 8.50 5.41 2.79 4.84 7.57
Control 8.50 8.50 8.50 8.50 8.50 7.94

*R. solani, P. drechsleri, B. cinerea were grown for 7 days. S. Sclotiorum, S. minor were grown for 4

days and F. oxysporum was grown for 2 weeks.

100 2
9p 4 S0cm / 4 light
70 4
60 1
50 1
40 A
30 -
20 4

10 1 I
U- 1

FL Blue

7

Inibition rate {%o)

Narrow Wide Wide
Red Red(M1} Red(M2)

B 5. sclerotiorum  BS. minor

100 - S0cm / 4 light
90 |
80
70
60
S0
40
30 -
20
10 4

Inibition rate {%0)

Y == R B i
FL Blue Fed Narrow Wide Wide
Red Red(dM1) Red(M2)

BE. dnerea BF. axysporum

(29 251] Mycelial inhibition rate by different wavelength of light on various fungal plant
pathogens (50 cm/4 light).
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Copt;r,’o’] '
&

Sclerotinia
sclerotiorum

Contfol

Fusarium
OXYSporum

(18 252] Diameter of fungal growth in light box (50 cm/4 light).
A: a4 8335, B: BLUE (450nm), C: RED (660nm), D: Narrow RED, E: Wide RED (M1), F:
Wide RED (M2).
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2 40WF AR ZPSS o83 A2YYY 2Folo FAH WFIA U

o

N
o
Lo

=o] : 30 cm / &9 A ;17

W Hdde AYE 30 cmE A WA A wet 4, 7, 14L43F 40W ABH
s st dARe] RS &S A} Sclerotinia  sclerotiorum, Sclerotinia minor,
Botrytis cinera®l X TAFS] Aol IA AAH= AS FASIH oW, B. cinerea, S. minor<
oAl Aol 100% ADAENI S sclerotiorume 71.8%% A AAAASEES HIYS
Phytophthora drechsleri®} Fusarium oxysporum-= ZYZY 19.1%, 5.7%%] < A &S HPo

2)
™, Rhizoctonia solani= 40Wa A ZHE T 23 FAF A F&FS WA Fts

[3£ 62] Diameter of fungal mycelia in different light condition

. Fungi
30 cm/1 light - -
R. sol P. dre S. scl S. min B. cin F. oxy
40W LED light 8.5 5.1 2.4 0 0 6.7
Control 8.5 6.3 8.5 8.5 8.1 7.1

*R. sol, P. dre, B. cin were grown in 7 days. S. Scl, S. min were grown in 4 days and F. oxy

was grown in 2 weeks.

L5 = N L= | - I =]
1 1

(B

The growth of mycelia (cm)

[ —

R. sdl P. dre 5. sel 5. min E. dan F. axy

AControl W40W LED
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Inibition rate {%o)

100 -
oQ 4
80 -
70 -
60 o
50 A
40 o
30
20
10 4

]
F. dre 5. sel

R. sdl . min E. dan F. axy

m40W LED

[2¥ 253] Mycelia inhibition rate by 40W LED light over various fungal plant pathogens (30
cm/1 light).

(18 254] Diameter of fungal grown in light box (30 cm/1 light).
A: R. solani, B: P. drechsleri, C: S. sclerotiorum, D: S. minor, E: B. cinerea, F: F. oxysporum

- 2o =o] : 50 cm / 2H N 17)

-z YAEe] AlE 50 omz 2A] 4w AFEATO @ AT WUwel A
AAAA &S SR1gE A, Botrytis cinerea®l X 100% =2 7H4 =& A A &S B
O, Sclerotinia minor, Sclerotinia sclerotiorum, Phytophthora drechsleri= Z+7; 36.5%, 23.6%,

- 201 -



12.7%°] QA &< B, Fusarium oxysporum< 55%= QA &o] 7} FA YEeErSoH,
Rhizoctonia solans 40WF A=A Fel % A AFAATAL g o= vehg
€. BRHOR 30 om EoloIM HYHAE w) @Al A& 50 em Eolo 27
Aot o =4 Yeide AS FUAs=.

[3£ 63] Diameter of fungal mycelia in different light condition

Fungi
50 e/ 1 light
R. sol P. dre S. scl S. min B. cin F. oxy
40W LED light 8.5 6.2 6.5 5.4 0 6.9
Control 8.5 7.1 8.5 8.5 5.8 73

*R. sol, P. dre, B. cin were grown in 7 days. S. Scl, S. min were grown in 4 days and F. oxy was

grown in 2 weeks.

Lk = tn =T | (= B =]
1 1 1

[ B

The growth of mycelia (cm)

=

R. sal E. dre 5. scl & min B. an F. axy
AControl B40W LED

30 4

20 A
(.
0 L L -_l

R = E. dre 5. sel S, min B. an F. oxy

Inibition rate {%0)
E;

u40W LED

[2¥ 255] Mycelia inhibition rate by 40W LED light over various fungal plant pathogens (50
cm/1 light).
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€ 9]1‘[1'01

(iﬁ(

(2% 256] Diameter of fungal grown in light box (50 cm/1 light).
A: R. solani, B: P. drechsleri, C: S. sclerotiorum, D: S. minor, E: B. cinerea, F: F. oxysporum

of. AlE HEd o801 B35 £ QD LEDZY oJet ¥dw AAAET

o

LR AP AREATHE Ao 4 lowE A% 2AEE Agelon, 29 &
= 30 cmZ AA3AS. Light box WHF2 &%+ 25~28C 2 AAsF o, d=x=43} 4
9 FFsS 272 AFSHA 57019l LED =9; BLUE (450nm), RED (660nm), Narrow
RED, Wide RED (Ml), Wide RED (M2)2 A g2 A3t AF3AS. =3 A3 A&
1% Sodium Hyperchlorite 2} 100% EthanolS AF-&3te] A3l SHTE WM FH
Y3t & ALE3HNS. Plateo] BFH filter paperol 10ml BHFE 7S H, 45
d 3 A5 ol FAHE o] 8mm cork borergE ©]-83td ZVZy Phytophthora drechsleri(S
W), Fusarium oxysporum(A E~%), Sclerotinia sclerotiorum(Z+3 ), Sclerotinia minor(z+3Y
W), Botrytis cinerea (B0 W), Rhizoctonia solani(B-s2 )2 agar plugE HE3A
7. A% % light boxoll ¥o Z47} = o] s A A o] IS s+

mlo rulo
tlo X m

ml
1:19 _IN‘

[o

2) A+2x

- AFAT Phytophthora drechsleris &
I AR M TS HoloH, B

rt r;'h

HEQe trEel o) e
[e))

Al
AA 60~100%2] YHES B, Ao xdH
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o= ARl Aol HFEHAD HAA A o
ZT2} Phytophthora drechsleris A &3t 8

0~20%2] @& 5o TAF AT ol vebd Y iR Bdde dAF AR
ANom T ARL SAHA Pk o] F2 A= ? g2

AgatA ghob AGol ol FolAA % OB B,

o f

[3£ 64] Evaluation of different QD-LED lights in suppressing the fungal diseases in lettuce crop

R. sol P. dre S. scl S. min B. cin F. oxy

- + e - - -

2
B

)
o
olrt

- b+ - b+ - -

- b+ - bt - -

- +++++ - - - -

Blue (450nm) - -+ - - - -

- -+ - - - -

- ot - - - -

Red (660nm) - -+ - - - -

- ot - - - -

- -+ - - - -
Narrow RED - +++++ - - - -

- o+ - - - +

- -+ - - - -

Wide-RED (M1) - +++++ - - - -

- +++++ - - - -

- -+ - B} _ i
Wide-RED (M2) -+ A+ - . ) i

- ot - - - -

-+ -+ -+ - -+ +
Control -+ -+ A+ ++ +++++ +++

b ot e ot bt ot

"Disease severity; -1 0%, +: 0~20%, ++: 20~40%, +++: 40~60% ++++: 60~80%, +++++: 80~100%
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Sclerotinia
sclerotiorimn
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Selerotinia
minor

[Z2¥ 257] QD LEDZWe 93¢k WA A A3,
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AL FFEHATHY F(EFH)E SEHE AR 449 lows BZd=HeE AHEst
o, WMol EolE 30cmE A A, Light box WH2o £5& 25 ~ 28CE A A3}
o dxAF M FFSS dERT=2 AN 571 LED Z£9; BLUE (450nm),

RED (660nm), Narrow RED, Wide RED (M1), Wide RED (M2)& A& T72 AdA3sto] A3}
A=. ESY, Phytophthora drechsleri(S¥), Sclerotinia sclerotiorum(T+3W), Sclerotinia minor
(F3AH), Botrytis cinerea( Y FF°1%), Rhizoctonia solani(B&HH)E 4 ~ 743 A&

% plate®] TAME scraperg ©]83t] FolW & HH H AR Ay FAF AEAES W=
T, SHY HF B9l B8 veg ol&std AAHE W FH A AFAES AZyolE
B TS SEE light boxdll S F e I7E Uy AFsdoen 55 =43
7l 98l F71H o2 E5 EFATL T =F5& AARoH, SHe 2o EFo|+
30 cm® AA A
) 9+ 2=t
- A5 S Yol R solani, B. cinerea, P. drechsleri 352 WYATFS HF3H 2™ light boxoll A
23 S & A3E IRl¥ o, F %E’:E S. sclerotiorum, S. minor, R. solani 3% 2]
Hadds JET3ASH light boxoll A 2573t S & AAE ERASIAS. FFAL Ao
2 Hsta o] mEe A4S BHelow, ¥ddo AEE BAS Holy SR+ Y
A F%e. I F FEHY Ae Hdwdd ZHEE JMAe FAHA Fh 2HolA U
T €= 3l FEo] It AlE2 JiAEe] Bde. 25 AR e WA LAY s
© 9= U3) light boxe] WH7F A=xste] WAFe ASH o AgstA &2 =x10]
A" AoE AGE, FEE X437 A5t light box 141"?— of 757 & AXAste 24
= % o] ARl A $HE 24 S sFoloF = 2 3oE.
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[18 258] Treated plants with pathogens.
, B: BLUE (450nm), C: RED (660nm), D: Narrow RED, E: Wide RED (M1), F:
Wide RED (M2)
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Sclerotinia
minor

Sclerotinia
sclerotiorum

Rhizoctonia
solani

(1% 259] Treated plants with pathogens.
A: 293 §335, B: BLUE (450nm), C: RED (660nm), D: Narrow RED,
E: Wide RED (MD), F: Wide RED (M2)

)
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2. QD LED £ ol§ 801482 4% 7Iuud

7}. QD-LED 29 A& 753 S-80|3 8 &M

o
QD LEDx < °]&3te] ol mE F&rd=2 AHssE &dst] _?43}04 T
& 9 1% ERe YEA P

&7l
o2 4Pzl 559 Al A= AHEE= 252 &8olE
AEs =

(1) Pseudomonas fluorescens

« Pseudomonas fluorescens AU E 7| EZ A E A A A (Biocontrol) 2 A&, Fusarium
ol Pythium %2 A& Wl gt ¥ejs BRIt dHA Us. T, A=A
5434 (Induce systemic resistance)¥ 22 HAAAE =3, siderophores Y733}
A& AT & d. =3 phenazineAl 2] AU hydrogen cyanide?} £ EZZ T
EF mA =l 7‘4_5“5}%— ot deA QS =RV, P fluorescens7t A3 38k o] 2
, 2,4-diacetylphloroglucinol(2,4-DAPG)2 P. fluorescens7} ZrilQl& A=W Yol oigh
?%_1'—_9__7,]. MESAAA ] AFS = BaAZ A 9o

A .

JH gl

(2) Pseudomonas putida

* Pseudomonas putida= TF¥3S DIALZ A =82% %] 5 (Bioremediation)ol] AF&2 4 o o}
b

zuies oy 8 E3E Ausb) A% EY AFA e e ses wane
WA SHS LO7)= Pythium3} Fusariumo| BI2EE 23 Q= A2 dHA &

(3) Lactobacillus acidophilus(Z7}Ft)
- Lactobacillus acidophilus= X ZW}o] €9l AFo
s

a3y, dF FHU2EE A3} vEW BT ¥4

(4) Bacillus megaterium(2LZ<T)

* Bacillus megatereium< 13 FAd Aol EYS] AE YA A=z g
megaterium-> &= st A Hol] glom, & x| FoA i 11
go] = ALoR FAHAS. EZ pyruvate, HIEFT B12 52 4 & 4 &= #yd
O} THA] (Penicillin amidase)E A3t A2 dHA A&,

(5) Rhodobacter sphaeroides(33%73 w)

* Rhodobacter sphaeroides= 58 FEAZA F71=7 ot 4k A4 EDe A4

of & =olu T TolA THHM, FrlEd Fr=9 AN EHFAdAE

o] &3tH, FFA ol st dAMIES FEUAdE BT AE T =S Fo

] A &7 3] (microbiome)d] ThAFA S F7IMAZA. ESFAFL AFQ dzotobactorsd A A4

5’—;@ TES A, ST ERY Mt 53 s frlEe] We oA
Ao AAsts Aoz <4y =

RIS
¥ o

(6) Saccharomyces cerevisiae( 85.)
» Saccharomyces cerevisiaex 21 &EHE]Y F71=d 7 FFAE Ao
O 2RE opHigh HIERL, Ao A4 £ T2



HEoUH, EGEAAAM AE Axo Ao}l #ele EIE =3 A7 ik AR
o T4e 5 ALoE dHA AE

(7) Trichoderma harzianum, (8) Trichoderma viride
- B Trichoderma &2 AXNAAZ A Jow, FAY Edd A5t S Al O
St FFolAd AW B9Vt e AR dHA U= 53], Trichoderma?} A733h= 3Tac
2+ Botrytis, Fusarium, Penicillium sp.©| E32 Q] F8& 713 Aoz d#HA 5.

1:91(

[3£ 65] List of beneficial microorganisms

Beneficial Microorganisms KACC number
1 Pseudomonas fluorescens subsp. cellulosa 10195
2 Pseudomonas putida 10219
3 Lactobacillus acidophilus 12419
4 Bacillus megaterium 12544
5 Rhodobacter sphaeroides 15299
6 Saccharomyces cerevisiae 30008
7 Trichoderma harzianum 40794
8 Trichoderma viride 43826

L. QD-LED 299 R-2u|8& Aol vx]= 9T ZRAL

1) QD-LED x99] {-&ujds F=2Y Y 2YHY

71 a4+ ¥

-4 1oweE A 2AS5ES AFESIY fFEAlTe FEY RS ARG S 2% Y
= 27t 30 emE AASIH S M, light box WH9 25+ 25 ~ 28CE AAsIo 43
fxz7e 4o o= HdASPOoW, LED AT+ 494 335, BLUE
(450nm), RED (660nm), Narrow RED, Wide RED (M1), Wide RED (M2)& A A3HS. P
cellulose, P. putida, B. megaterium, R. sphaeroides= TSB ®l| Xl HF %

do ]

$ 28C ollA 4841t
ek &t 1x10° CFU/ml ¢ B =2 3]435te] TSA viA| o] 30 ul® =23t LED %9
of wz} 28+2TC Al 48AIZF wl¥3E 3 colony S 3’4%?5‘]-%*5 L. acidophilus S} S.
cerevisiaex= ZYZy MRS broth, YPD broth B} X ol 48A]7F X &ujeF 3+ & 1x10° CFU/nl 9] &
L2 345t ZZ MRS, YPD agar #i Al 30 w# =% 5 LED =HollA 28+£2T ol A
48417 w3kl colony M-S #ESAT. A3 FF-S(FL), BLUE (450nm), RED
(660nm), Narrow RED, Wide RED (M1), Wide RED (M2) 6F /2 =4S 27t 30 cm 9]
2 AX st AFsA =

W) aan

FEUAdE VAE M 55 2 &5 15 tisted LED ¥ QD LED 9 AHgd & A
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F WsE &
E LED %49l A

Dark®} Red ZHolA Z 22U} FAFHJAAT 233 335, Blue, Narrow Red, QD LED

(M1), QD LED (M2 oAl Aol A EH = SIS, B. m egatermmt =

o} nlwste] Auld FF5, Blue ZHolA 4zt 4%, 0.8%2 A

LED &% AT e Ao JA =HA &ttt =

2k &35, Blue, QD LED (M2) % ol A

<

SRI35t7] st sy A . 1 A, P. cellulose, P. putida, R. sphaeroides<
2|

e

o
A<=

g N g
x_,oE.

ol
|
S. erewszaeoﬂfﬂ ) =2}
7_|1—

[3£ 66] Colony number of 5 bacteria and yeast treated with different LED conditions

A AA T FRJAHA Gk, AT, L. acidophilus® 7% DI ZT<

J&e Hlomw, t&

4.1%, 1.6%, 10.9%2] <

Colony Number

Light Conditions

P. flu P. put L. aci B. meg R. sph S. cer
FL ucC* ucC 0 61 ucC 164
Blue ucC ucC 0 63 ucC 169
Red ucC ucC ucC 84 ucC 182
Narrow Red ucC ucC 0 79 ucC 185
QD LED (M1) ucC uc 0 85 ucC 174
QD LED (M2) uc uc 0 73 ucC 153
Control ucC ucC ucC 63 ucC 171

Note : P. flu: Pseudomonas fluorescens subsp. cellulose, P. put: Pseudomonas putida, L. aci: Lactobacillus

acidophilus, B. meg: Bacillus megaterium, R. sph: Rhodobacter sphaeroides, S. cer: Saccharomyces cerevisiae.

(Control: Dark, FL: Fluorescent lamp). Asterisks means uncountable colonies.

80 1
60 -

Inibition Rate (%)
[
(=]

0 1 B ol g H 1
5 Dark White Blue R
40
_60 -

® Pyendomonas fluorescens O Psendomornas prtda &8 Lactobacillus acidophilus

B Bacillus megaterinum B Rhodobacter sphaeroides BSaccharomyces cerevisiae

[72¥ 260] Inhibition rate of beneficial microorganisms of colonies under different light
conditions.
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[1¥3 261] Colony formation of beneficial microorganisms under different light conditions.
((A) Pseudomonas fluorescens subsp. cellulose, (B) Pseudomonas putida, (C)
Lactobacillus acidophilus, (D) Bacillus megaterium, (E) Rhodobacter sphaeroides,
(F) Saccharomyces cerevisiae. a: Control, b: Fluorescent Light, c: Blue (450nm),
d: Red (660nm), e: Narrow Red, f: Wide RED (M1), g: Wide RED (M2).
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2) QD-LED x9o] S 8n|E FAF A wUEY
b A7 W

-4 10Wg BEZETES AHEst F&E%0lY FEY RS AN S. 2HY =
ol Z+7F 30 emE A3 H 2, light box WH2] 2% 25 ~ 28CE A3l A Fs}
Re. dz2Te d2dY 2dor dASon, LED AT+ A3 ¥F35, BLUE
(450nm), RED (660nm) Narrow RED, Wide RED (M1), Wide RED (M2)E A A3JS. 2 &
9| Trichoderma sp.= MP (Malt peptone, Malt extract 10 g, Bacto-peptone 10g/ 1L, pH 74
with KOH) HiA| ol HF3t] 25T ol A 24412 18 wjdgt 3 Ald 2d o7& gRlst
PDA "X Althu] < sl AFE3FR 5. PDA w Ao w3l @ 5 mm Cork borerZ agar
plugE TS PDA«] T &8 279 LED %S A3 light boxoll ¥ § 25£2TC

2= 3, 79 HACE HA S e A . A9 #3355, BLUE (450nm), RED
(660nm), Narrow RED, Wide RED (M1), Wide RED (M2) 6%F2] ZHE 72} 30cm E°]9l
AA st A48E AP A =

W) g

A= WAAR AFSEE T3] 25 tisl QD LED =% 3 7€ LED =% A g
e A WH3E FHlsh] fsl d7E ssHAE. QD LED =W dAF kel A nj ket
fanael oal FA AEE ANAE. A2e] BRol tzvel o 27 W
3t TAF AAS ZAEIG oW, xTY AR £55 7Fo R ZASAS. T harzianum
2 tx+<9} vladte Blue, Red, Narrow Red, QD LED (M1), QD LED (M2) ZWolAl 7zt
7t 7.8%, 0.4%, 2.4%, 10.6%, 12%°] AA&= YERHAARY, 438 g5l Fdol <

U

3t TAE AR QA &S BolA] Fde. EZ, T oviride®] 75 tHERTE HlusERS o
Blue, Red, Narrow Red, QD LED (Ml), QD LED (M2) &% ZtZt 4.7%, 3.1%, 4.7%,
5.1%, 6.7%2] T A A &S HolH Z FoAE HolA oW, T harzianum™ T
2A A FFSAA FA 4.7%2] dAF Aol dAlEE AR FRIHAS.

Mycelial growth (mm)
[ i L . tn =N = =]
= (== ] = = = = = =

7

R
R
. |
-

=
M

"
B
é/////////////////////////////////////////////////ff

Dark White Blue WE1 WR2

m Trichoderma harzianum = Irichoderma viride

[28 262] Mycelia growth of beneficial fungi under different light conditions.
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[3£ 67] Inibition rate of beneficial fungi under different light conditions

Inibition Rate (%)

Trichoderma harzianum Trichoderma viride
FL 0 4.7
BLUE 7.8 4.7
RED 0.4 3.1
Narrow RED 2.4 4.7
Wide RED(M1) 10.6 5.1
Wide RED(M2) 1.2 6.7
Control 0 0

(13 263] Mycelia growth of beneficial fungi under different light conditions. ((A) Trichoderma
harzianum, (B) Trichoderma viride; a: Control, b: Fluorescent Light, c: Blue (450nm),
d: Red (660nm), e: Narrow Red, f: QD LED (M1), g: QD LED (M2).
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3. 100W QD LED =% Apgo| & u]dE 4 He} =A}

- EvtE 2olAM 100W QD LEDEH & ©l&3ste] EvtE |9 mA= w3 WSt A8t
71 flste EvtEel frR7Ier A7) 98 2RY RAE ZASIS

7}. 100W QD LEDZYo]| o2 EntE A47] dHol nys 4 Wt

- HESE-2 Yol A 1557 ST EvtEA4SHE HYoE APt on 7Y (HHo =
UE A S FIAE S2Y A 47 TSA #iAet PDABIAIE AM&-3F
of ¢Jojo] EntE ¢ 36715 S E leaf printing methodE AF-&3Fod wjZ] | printing Al
Z1 3, 293 wl St plate’doll YElUdE RE Add FFole F2Y AE FASHY
. = S e Aoz HdASH e, LED Ad+= 100W 433 &35,
Blue+Red LED, 100W QD LEDE A X3}, LED ZH A g+ & 8AZHAM 05:00 ~ 10:00,
5A1ZF PM 17:00 ~ 20:00, 3A17H) A EHE=E timerS A X3t AT B9 dAHT AL
o MYHES st T, 77 AEAe 24 2 o AV|E AR HAiF v
g Folet AVE A 431 DAY EvtEE AE A ot =wolvf tEn, o] |
T AAEG ZFolzt Q17 wiEe] do2 AAg EvtE Q2 HUE plate’doll 7HSAHA
printing 3t A A=

N
re
ot
=

o

000000009000 0000000000000000080000000000
Control White(100W) Blue+Red QD(100W) Control
000000009000 0009000000000000080090000000

[18 264] Schematic representation of LED treatments in greenhouse. The red box indicate
where the light mixes.

[Z2¥ 265] Photographs of tomato plants under LED Treatments in green house.
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[17 266] The wavelength of the different lights used in this study. A: 100W three wave
lamp, B: Blue+Red LED, C: 100W QD LED.

2) A7 At
71) 100W QD LEDA®o] G £t 447] 4@ Al 273 #et
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[2¥ 267] Change of bacteria community number on mature tomato phyllosphere under
various LED treatments.
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(29 268] Change of fungi community number on mature tomato phyllosphere under various
LED treatments.
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[2% 269] Change of bacteria community number on young tomato phyllosphere under
various LED treatments.
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(2% 270] Change of fungi community number on young tomato phyllosphere under various

LED treatments.
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[ 72] 5CollA 0¢3F A3 BEELES] Z7), A, A%S AT T AR, 5380 S

Fruit size Fruit weight Fresh weight Shelf life Fungal incidence

(mm) (2) loss(%) (days) (%)
Harvest Harvest Box MAP Box MAP Box MAP

Large 31.28a° 16.56a 4.32b 0.17b 15a 19a 30.00b 37.50b
Medium 28.52b 12.65ab 4.69ab 0.19ab 14ab 17ab 40.00ab 60.00ab
Small 24.16¢ 8.16b 5.29a 0.22a 12b 16b 50.00a 72.73a
P value EE EE % * % * % %

"Mean separation of columns by Duncan’s multiple range tests (DMRT) (n=10). #, #* s significant
at  p<0.05, 0.01 and 0.001, respectively of DMRT.
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Firmness Color Lycopene

N) (a*/b*) (mgkg 'FW)
Harvest Box MAP Harvest Box MAP Harvest Box MAP
Large 13.04b" 8.05a 11.08a 0.55a 0.81b 0.70b 91.60a 112.27 100.94b
Medium 15.53a 7.28ab 9.36ab 0.55a 0.82b 0.71ab 92.14a 117.86  103.31ab
Small 15.85a 6.45b 9.17b 0.56a 0.86a 0.75a 91.93a 126.46 106.23a

P Value ksk sk sk NS * skek NS ksk *

“Mean separation of columns by Duncan’s multiple range tests (DMRT) (n=10). NS, *, **; not

significant,  or significant at p<0.05 and 0.01, respectively of DMRT.
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colde] AxE FgE BH Ar] AFS YsiAE dE eErE} FEdS & F
A

[ 74] 5ColA 20Y7F A3 WeEES 7184 1P E v5(B %), AFANE, HER C FF
Soluble  solids Titratable acidity Vitamin C
(°Brix) (%  citric acid) (mgl100g'FW)
Harvest Box MAP Harvest Box MAP Harvest Box MAP
Large 5.53a° 6.08b 5.98b 0.61a 0.40a 0.53a 17.31a 9.89a 12.34a
Medium 5.53a 6.10b 6.06ab 0.61a 0.39ab 0.52a 18.56a 8.16ab 11.95ab
Small 5.54a 6.47a 6.20a 0.62a 0.35b 0.46b 18.43a 6.15b 10.97b
P value NS * * NS ok * NS *ok *

“Mean separation of columns by Duncan’s multiple range tests (DMRT) (n=5). NS, ***; not significant,
or significant at p<0.05 and 0.01 of DMRT.
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al 2=

(3 75] 5ColA 2097t A3 FEETES A

4ol

= T
Bacteria ( x 10 colony ml™) Fungi ( x 10 spores ml™)
Harvest Box MAP Harvest Box MAP
Large 193.00a” 195.08b 200.67b 6.33a 6.70b 6.67b
Medium 194.67a 198.04ab 206.33ab 6.67a 6.59b 9.00ab
Small 195.33a 206.66a 211.67a 7.00a 7.76a 9.67a
P value NS * * NS * *

“Mean separation of columns by Duncan’s multiple range tests (DMRT) (n=5). NS, *; not
significant  at p< 0.05 of DMRT.

significant, or

. AZ2E HROQ 459 AgdSs vF5 E YA 84 v

- 752 Quantum dot-LED(QD-LED)= ¥ ®F LEDol H|3] &2 AT} 3 HAFA 2 &F
AaE 545 7Y Y 3AdE FAet, AAHEH AELAEFS EY 7 A
BHE JHA A5 EF, BT AP o R XAEE Zo] Aol YW Wl FE& Fdst
Al ZAFSEA] XSk LEDO vls] W& ool vluzd #d3 Fs ZAY 7 e AHES
ZHA D s B Ade FEWRJCHoFH)S tdoZ WA A AINFT) A A+ A4
=3 (Blue+Red)®, QD-LED3%, 18]a White LED%3-S Zztzb B 3&l9S o) A Ko ma=
FdFe dolr iz gt

- Ay
A e 2ol ok E 10T oo o= 38U FXbol] Zh2be] FYUo R W

- BF33 5 150 £10 g mole/n.s(100W 33

- =7 Cont. (A433)

- 28]+ White LED, Blue+Red, QD-LED(Blue+W-Red)

- SAAE: A2l

- Z2AE 2R, 9, 9F, 99 38 2EEVEFmE AT, At EH 3, F dHsd
&, tEAobd 7, DDPH #tHZ &7%
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(13 283] B+R X3z A,

ATAt

- HFAEE & IAREH F 3AZMA A#sidled, BaAE A5l 949 F== 70 umole/

nm.s FEolRoy BFAHEFE 120 ymole/nis HF Fom, 11A]o] o= 279 BPgA e
Zrel 2 Aol UBIA ggrom 0% 1Ads thl naAed o BEI/IE HAT 5 9
A

400 -

i Control ®\White LED ERed + Blue gD
Y 300
£
©
E 200
2
W
@ 100
E

]

:00 11:00 13:00
Time

[T 284] th=7(FA 2l 37kA] B A F= va

-2 Al FEY] 38LA ] B+R E&F3 QD-LEDZ o] 300mm o] Follar, White

LEDS} $ue] 1 o|stgle. @4€ BR EF%3 QD-LEDY, 9% Tuus) BR &
Faol WA AelFrre] BAH foge A @gkg. A5t A FRI 3
UA QD-LED3%3} B+R &3go] weka, White LED3Zo] 7H4 &A=
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[ 285] BAAe] 38UA BBA ] 9§ 2%, 4%, 9 QA% vl

HRAY wE AEAFe Aole YA eskedl, A TEYC] Tid AAEAA Hgo
g A S T AAFE Aos BoE, A¥E A B 309 o] AT o] AXA=
Ha A o] AL 7] WEY, FU AdE B3] ASe gy d=o]) HQE AHowE At

ot

tlo

E23FeS SAHYE v Fv/FmE Ul FA48)2 White LED9} QD-LED7} 5233t

oy 574124 T8 YA ks 99 éﬂri iﬁﬁsﬂ B oo,
2l AujA] B+R £FF3 QD-LED A} FRBJ( P vls] 453 ¢S L}E}
ol A& a7 soZ Ay,

rOl

1.00

Control White LED B+R LED QD-LED

(28 286] d=T(F-A 2l 37FA] FdolA Anllgk 2 2w Qe
Fv/IFm(HA o &FA-&) vl

— 236 —



cngAe e olF Azl YA Fde Ay Ao Uetd Yk,
o olg WA FA F/HETE e ek

cobe) 2YlA BEo] FEUo] AANBM Ao LT o] APHYEY] o]
sl EAohd FF B NHEFDe] e nIEAT} e et

A

5] QD%

[ 76] R3H )@ H=2ule] FoE3 SHEA M ekt DPPH 4 v

Total phenol Anthocyanin DPPH

(mg GAE/ml) (mg/100g FW) (%)
Control 0.25+0.03 2.38+0.64 29.0+ 4.5
Blue+Red 0.15£0.02 3.91+£2.92 13.5+ 2.3
QD LED 0.10£0.02 2.29+1.06 12.7+ 7.0
White LED 0.28+£0.04 3.18+0.97 25.2+16.9

AR AR T Al

Eontrol White LED

(19 287] B33 A3t Az 52 5 T <& nuG3LA).

a}. 7]& LED thy] QD-LED A3 A waF |

AN KE Asdel AeAW IWE BU YAAHALF ¥ UNAF 5L vwd
Ash, g BER A5 £ AAE RIY DFol BE FUA WA $5w
BAPE B, 53 22 AES G5 7P d BRFI vluwdu o ddtes
AN 25%°] Arasrt vebd.

[5£.77) 9108 SEA=Ho) 283 0Ws 2] A2 9] (1520 Aelol 200 pmolefni)
ogdtdy  AgdEte = =
(KWh) © (o_]) ;ﬂ@u(W) ﬁ%L(V) ;\(j_‘lT(mA)
QD-LED 27.934 2,951 38.6 225 0.172
R ) 20.736 2,198 29.0 225 0.129
Uuk BR 28.846 3,059 1.2 226 0.182

REISL o170 2,308 30.2 225 0.134

S (N 7! 1,140 15.2 206 67.25

- ENE 5 AAF BggoE Jfdd 100W QDF2 WAl LED9 BlwE u) oux] ALg
Az B3 JEuA S
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[3E 78] H3gA g ARS8 100Wa Fde AHAEHF ¢ (50-60cm A= oA 200 1 mole/nt.s)

oAddAY AL es

) <) A E(W) A V) A F(mA)
QD-LED 73.426 7,788 101.4 208 0.487
White LED 70.326 7,512 96.8 208 0.465
HZF A

HFLL Al 37 A=ZuAY MAT AGE A FL Ocm, 10cm, 20cmBF+ o2 HH QD27¢

217g2.2 1.61gelAd BHR(71E LED)ETH 3b5%4 FAHCH, A&FFolA 71 AFo] A Z3HA
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o FH MAT AME WAFS 2.26g0 2 1.70g0]9 Y B+Re 33% FAEHAS.

Azwele] AAT WAFe AgE AxPAE QD271 7 AUEE 10cmel Al QD2E 8%S Ko

16.48%2] H<Ql BHRET 205%4 # U =7 =AU+

EvfER &g Qo F83 AAR] AHAo] FdoZ FHE A #AIRC]l QDIZFA
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I=2 HYL.

EnEHo #Y=(0cmet 20cm 431«1 Hxp wl

A 871%, A= 553%, 727 610% g3t

o]-&3t EntER Asto] 7HE 2 Jff} Fdolet ek,

QD-LEDE ZASHAY AZHS AFe dotoll Al FolAQl Aol7b glla, AT F24

1 A=t A=A G fdFo] ¥sadd QD1, QD27F A &34 HE2wl A

)E vlw3d A3 W-LED3Z tiH] QD13o]
A= 178% = B+R(286%) T2 &2 w=o} Q&%

g
A GIF AT BUCE AUY Ao PO,

QD-LEDE ZAIle® A2elel Ao 39583 heAopigiael Z7lal%e.

AFF e ANY HEFFAA A AET ARARS QD-LEDAA F2A F 2
Qo mamde] $48AT FEAC FFE Buedd A AL EH A4
RS-

QD-LEDZEARH A% Ase 14 %e tgass Jehi/l= e,

ol

e ErkE AElS 100W8 QD-LED R adtzs 43holx spd FAZE 30% S7FshlaL
7133t B AABHA8.7%NA 32%=E AADE TAT T+ UM
Aed A=d 45 AwAl QD LED BR3e AsS st st axrt AT, e F4
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AF g3y
@A (128 H P &
a1 = I, AA2= JE gz
Sy MEem B FHAME W | wors wopd 2 42A5E M
~ B4
- g
Rhizoctonia solani,
- QD LEDz9el 3 A Phytophthora drechsleri,
. QD-LED =W =Hg& =] WA A5 3] ¢S Sclerotinia sclerotiorum,
- 2="0 =

‘?
gsh ErpEd] BalE dorle
=

Sclerotinia minor,

Botrytis cinerea,

Fusarium oxysporum,
Pectobacterium carotovorum,
Xanthomonas campestris
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AN mol o E9E F]lsta 2ol HS - QD LEDZ% & X33 657
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B UE3 A - A-Y 24 8 e £HAF Line-Up

- 10W, 20Ws #E Tt LED WhALY 2] EAAzH

High Lighting Fixture Efficiency (>90%)

- Uniform PPFD for Wider Range (Beam Angle: 1157)
- Wide Red Spectrum{include NIR} using QD

- PerfectLighting Spectrum for Plant

- High Photosynthesis

- Dustproof & Waterproof (IP65)

Voltage 220V
Power 10w
PPFD 110umol/mé/s
Size @190 x 78mm {6 inch)
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- 20W ~ 40WH @Y LED Linear HHAE 2] &A% (600mm)

- High Lighting Fixture Efficiency (>20%])

- Uniform PPFD for Wider Range (Beam Angle: 1307)
- Wide Red Spectrum(include NIR) using QD

- Perfect Lighting Spectrum for Plant

- High Photosynthesis

- Dustproof & Waterproof (IP65)

Voltage 220V
Power 20W /40w
PPFD 220umol/mi/s, 440umol/mi/s
Size 600mm x 62mm

- 40W ~ 80WH HETt LED Linear WA 2] E-A)7%%1(1,200mm)

- High Lighting Fixture Efficiency (>80%)

- Uniform PPFD for Wider Range (Beam Angle: 1307
- Wide Red Spectrum(include NIR} using QD

- Perfect Lighting Spectrum for Plant

- High Photosynthesis

- Dustproof & Waterproof (IP65)

Voltage 220V
Power 40W / 80W
PPFD 440pmol/m/s, 800umol/m?/s
Size 1,200mm x 62mm
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- High Power Plant Lighting (>=100W)

- Uniform PPFD for Wider Range

- Wide Red Spectrum(include NIR) using QD CAP
- Tunable Wavelength Quantum Plant Lighting

- High Photosynthesis

Voltage 220V
Power 100w
PPFD 1500umol/mi/s
Size ©254 x 115mm (10 inch)
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Evaluation ltems
1. Quantum Dot Film & Cap Stability (60°C & 90% Aging Test)
- InP#| 3wt% QD Film / Cap2| 60°C & 90% Aging =Z10f| m}& QXA W7} [B/R Ratio]

499nm 699nm

- Blue Integrated Area: | f(x)dx, Red Integrated Area: [, " f(x)dx

400nm

2. Polar Distribution & Beam Angle
- Hi 7| EH|E 0| 85101 100WZ QD A EME SHE =Y Ul X A st =l

3. Light Uniformity (Spectrum & PPFD)
- Portable Spectrometer ZHH| £ 0| 2, 100W Al BAIE E2+=0]| 1m HE| A B{HO| ZALE
ZIM 1m, 9-Point X| 0| C}j$t PPFD 3! Spectrum®] [B/R Ratio] = = T 7}

4. Luminaire Efficiency

-HET YHE 100W HEHWE £S5 =82 o3 A HE H/E S7IF 2E Hln

Data Summary

Items Result Data

1. QD Film & Cap Degradation Aging Test QD Film: 8.02%, QD Cap: 6.86%

2. Polar Distribution & Beam Angle Avg. Beam Angle: 112.3

3. Light Uniformity (Spectrum & PPFD) [B/R Ratio]: 94.59% / PPFD: 90.61%

4. Luminaire Efficiency 91.3% (With / Without Acryl Cover)

Measurements performed by Approved by
Affirmation /Z) Ndﬁ’/ 5 ; -
Name? Jung Chul Shin me: Yoo Yonghwan
(Assistant Research Engineer) (Technical Manager)
Prepared by: -1- 2019-10-16 (Wed)

Cheorwon Plasma Research Institute
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Test.1 Quantum Dot Stability (60°C & 90% Aging Test)

Equipment List

= Date of Test: 2019-08-26 (Mon) ~ 2019-10-11 (Fri)
= Temperature: 24.0°C + 1.0°C  Relative Humidity: 45.0 % + 5.0 % R.H.

=  Aging Time: 5 minutes

Temp. / Humid.

Chamber Integration Sphere
Equipment Manufacturer Model No.
Temp. / Humid. Chamber labntools LT-TH 150
Integration Sphere PIMACS CO., LTD. Neolight PL5000-2m

Sample Picture (not to scale)

3 ‘ﬂ’\- :
) -3
\ ® s - B
InP Red QD Film(Downlight) InP Red QD Cap(LED Board)
Prepared by: -3- 2019-10-16 (Wed)

Cheorwon Plasma Research Institute
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Test.1 Quantum Dot Stability (60°C & 90% Aging Test)

Test Condition

» QD Films in 60°C Temp. / 90% Humid. Chamber Aging

» Excited QD Film by Blue 450nm LED PKG

8.0¢0” -

Intensity

L | AU Fa— |
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Wavelength [nm]

A0c10? . ‘ . . .
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g 20a0° R
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104107 .
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00

Wavelength [nm]

Test Samples

A0 450 500 550 600 650 700 750

Luminous Flux

L. Efficiency

CIE 1931

Blue 450nm LED Downlight (36ea)

69.9 Im
14.0 Im/WW
50w

[0.1556 , 0.0282]

Luminous Flux

L. Efficiency

CIE 1831

Blue 450nm LED Board (12ea)

27.6Im
21.3 Im/\W
13W

[0.1557 , 0.0263]

1. InP Red Quantum Dot Film (With Blue 450nm LED Downlight (36ea))

2. InP Red Quantum Dot Cap (With Blue 450nm LED Board (12ea))

Test Data

1. Excitation Spectrum Measurement (Blue LED (Az=449nm)

2. Power Drop Calculation (Red)

699nm

Js70nm ()4

Power Drop(Red) = =55

J-40Cl'nm f(x)dx
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Test.1 Quantum Dot Stability (60°C & 90% Aging Test)

Data Result — InP Red QD Film (A;=623nm) / 120um

» Spectrum
o] E%%ﬁ +Ohr 20190826, 002339  0.00985
2 ol s et +110hr  2019.09.02.  0.02272  0.00957
E +330hr  2019.09.11.  0.02211 0.00955
= ede’p +547hr 2019.09.20.  0.02251 0.00949
5.0¢10° +707hr 2019.09.27.  0.02228 0.00932
" , R +1044hr  2019.10.11.  0.02231 0.00906
400 450 500 550 600 650 700 750
Wavelength [nm] Degradation Rate 4.62% 8.02%
» Power Drop(Red)
i s — Time Area Area (Red)
¥ ol +0hr 0.5254 0.7981 1.5190
E ! +110hr 05177 0.7750 1.4970
§ :: +330hr 0.5084 0.7726 1.5197
E z: +547hr 0.5091 0.7665 1.5056
L +707hr 0.5027 0.7538 1.4995
L T T +1044hr 0.4983 0.7314 1.4678
Ao Tiene [riure] Degradation Rate 3.37%
Prepared by: -5- 2019-10-16 (Wed)

Cheorwon Plasma Research Institute
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Test.1 Quantum Dot Stability (60°C & 90% Aging Test)

Data Result — InP Red QD Cap (A;=623nm) / 3wt%

e

» Spectrum

zmo.z L] T T 1 I | 1 1
— Trifial Condition (20790 Aging Time | Test Date
e 110 (2019
LAl 0 oot +0hr 2019.08.26.  0.01641 0.00175
| =1
o -4 o +110hr 2019.09.02.  0.01667 0.00175
E 10d0° : +330hr 2019.09.11.  0.01712 0.00170
= +547hr 2019.09.20.  0.01667 0.00170
5.0x10° -
+707hr 2019.09.27.  0.01661 0.00169
00 . R +1044hr  2019.10.11.  0.01628 0.00163
400 450 500 550 600 650 700 750
Wavelength [nm] Degradation Rate -0.91% 6.86%

» Power Drop(Red)

. T_\,_,-——'—-o\‘ 4 Time Area Area (Red)

¥ ol ] +0Ohr 0.3504 0.1421 0.4055
E il § ] +110hr 0.3451 0.1414 0.4097
§ :: : +330hr 0.3601 0.1375 0.3818

E : +547hr 0.3497 0.1375 0.3932

L +707hr 0.3485 0.1362 0.3908
2% i e 0 1w 1200 +1044hr 0.3500 0.1323 0.3780
Aging Time [hours] Degradation Rate 6.79%

Prepared by: -6 - 2019-10-16 (Wed)

Cheorwon Plasma Research Institute
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Test.2 Polar Distribution & Beam Angle
Equipment List

=  Date of Test: 2019-08-15 (Thu)
= Temperature: 24.0°C £ 1.0°C  Relative Humidity: 45.0 % + 5.0 % R.H.
=  Aging Time: 30 minutes

Goniophotometer

Equipment Manufacturer Model No.

Goniophotometer PIMACS CO., LTD. Neolight 8000

Sample Picture (not to scale)

100W QD Plant Growth Flood Lighting

Prepared by: -7- 2019-10-16 (Wed)

Cheorwon Plasma Research Institute
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Test.2 Polar Distribution & Beam Angle
Data Result

» Polar Distribution

100W QD Plant Growth Flood Lighting Avg. Beam Angle

80" o { -. m 9 % ._ -I.so 1123’
S0 ;\\ "fl:sm ks } o/

40 .

= Conical llluminance

__ BamNdh:28m
18841 luxincenter
AR Iuxinsice

Beamiitth: 597 m
27 Dluxinaerter
83661 nsicke
BeenVitth: 86m
132 16w incerter
F18Iux insice

_ BeamVih: 1188 m
7A24ux incerter
2091 Iux insice

|
|
|
.-en=
[ 1\
BeenWitth: 1492 m > 4@m
47581k ncerter -
1338 insice
P -
,-

100m

20m

3M0m

500m

9P Iwindde

Beermivitth: 2089 m ird—— 600m
2427 x incerter [
683Iinsice ==

Beer\V¥tth: 2387 m 700m
1858Iux ncerter
5Z3Iwingde

» 80m

Averap BeamAnge=1123
Vi BeamAngle=1129 a O1=60~d2=24F
Mn BeamfAngle=M1.4 at ¢ =120~D2=300F

Prepared by: -8 - 2019-10-16 (Wed)

Cheorwon Plasma Research Institute
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Test.3 Light Uniformity (Spectrum & PPFD)

Equipment List

= Date of Test: 2019-08-15 (Thu)
=  Temperature: 24.0°C £ 1.0°C Relative Humidity: 45.0% + 5.0 % R.H.

=  Aging Time: 30 minutes

Portable Spectrometer

Equipment Manufacturer Model No.

Portable Spectrometer UPRtek MK350S

Sample Picture (not to scale)

Prepared by: -9 - 2019-10-16 (Wed)

Cheorwon Plasma Research Institute
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= Data Sheet - Blue Area / Red Area ratio
CkQ|: [% - Blue / Red]

Sample |Point#1 | Point #2 | Point #3 | Point #4 | Point #5 | Point #6 | Point #7 | Point #8 | Point #9

Blue Area | 30.24 30.186 30.07 29.99 30.01 29.99 30.01 30.07 30.16

Red Area | 78.31 74.74 71.52 69.63 71.39 69.58 71.18 71.78 75.85

Blue/Red | 0.3862 | 0.4035 | 0.4204 | 04307 | 0.4204 | 0.4310 | 0.4216 @ 04189 | 0.3976

Blue Integrated Area: | : 0909;!: f(x)dx Maimum || Mininen
60mm 0.4310 0.3862
Red Integrated Area: [, " f(x)dx (Point #6) (Point #1)
. ’ (Max. —Min.) Average |Uniformity [%]
Uniformity = 100 — x 100
2 X Avg. 0.4145 94.59

» Data Sheet — PPFD(@1m) Uniformity
CH2l: [umol/m'/sec]

Sample |Point#1 | Point#2 | Point #3 | Point #4 | Point #5 | Point #6 | Point #7 | Point #8 | Point #9

PPFD 14.18 14.95 15.41 16.12 16.09 16.02 15.23 13.97 13.30

=  Spectrum Graph Maximum Minimum
; ; p—r—y — , 16.12 13.3
10 i (Point #4) (point #9)
2 o8 ‘Average |Uniformity [%]
% 06 15.03 90.61
i
E o4
2 02
0.0
Prepared by: -10 - 2019-10-16 (Wed)
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Test.4 Luminaire Efficiency

Equipment List

= Date of Test: 2019-08-16 (Fni)

=  Temperature: 24.0°C £ 1.0°C Relative Humidity: 45.0% + 5.0 % R.H.

=  Aging Time: 30 minutes

Integration Sphere

Equipment

Manufacturer

Model No.

Integration Sphere

PIMACS CO., LTD.

Neolight PL5000-2m

Sample Picture (not to scale)

Without Acryl Plate

(Before)

With Acryl Plate
(After)

Prepared by:

=11 -

Cheorwon Plasma Research Institute
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Test.4 Luminaire Efficiency

Data Result

=  Data Sheet

Model Luminous | L. Efficiency| Power | Voltage | Current Power |Frequency Iélflf:';::i::s
Flux [Im] [Im/V] w1 M [A] Factor [Hz] [%]

Without

Acryl 3,876 392 99.0 220.1 0.4546 0.9890 60

Plate

With

Acryl 3,522 358 98.3 220.1 0.4517 0.9890 60 91.3
Plate

=  Spectrum Graph

2.0x10" |
| s | -1 -
3 1.5x10
S,
@ 1.0x10" |
Q
=
5.0x107 |
0.0 L~

200 450 500 550 600 650

Wavelength [nm]

700

750

Prepared by:

=2=
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Korea Institute of Lighting & ICT

TEST REPORT

Photometric and Electrical Testing of
Solid-State Lighting Products

Manufacturer: Cheorwon Plasma Research Institute

7194, Geumgang-ro, Seo-myeon,
Cheorwon-gun, Gangwon-do, 24062,
Republic of Korea

Product Type: LED Luminaire

Model Name:  P10-100Q (Bare / With Cover)
Report Number: KILT1909-U06847
Test Date: September 10" 2019
Report Date:  September 19" 2019
Testing Laboratory:  Korea Institute of Lighting and ICT
Daewoo Technopark A-403, 261 Doyak-ro, Wonmi-gu,

Bucheon City, Gyeonggido, 420-806 South Korea
Tel: +82-32-670-8888, Fax: +82-32-670-8889

Report Prepared by: Report Reviewed by:
7, L
EunCheol Jung Sangkyoo Jeon
Research Engineer Technical Manager

Note: This report cannot be reproduced in part without th= prior vrittcn permicsion from Korea Institute of Lighting
and ICT. This laboratory has been accredited by International Accreditation Service (IAS) under ISONEC Standard
17025:2006 for the test methods listed in the approved scope of accreditation.
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P10-100Q (Bare / With Cover) KILT1909-U06847

TABLE OF CONTENTS
General lnformation .......................................................................................................... 3
Test Methods ...................................................................................................................... 4
sljmmary of Test Results ................................................................................................ 5
Spectral Power Distribution ............................................................................................ 7
Prepared by: Page 2/8 September 19" 2019

Korea Institute of Lighting and ICT
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P10-100Q (Bare / With Cover)

General Information

KILT1909-U06847

This test report was prepared and performed in accordance with IESNA LM-79-08, and the
following additional standards were used as test methods and conditions:

m  ANSI NEMA ANSLG C78.377-2011 Specifications for the Chromaticity of Solid State

Lighting Products

The sample was received by Korea Institute of Lighting and ICT on September 10" 2019 and was
tested as received under undamaged condition.

Equipment List

Equipment Manufacturer Control No. Last C';alitl;ration Calibr;;i;n oo
'"tegr""g'gmfphe’e EVERFINE | KILT--P14-083 |  2018.10.12 2019.10.12
Power Source | EVERFINE | KILT--P14-083E | 2019.08.23 2020.08.23
Powermeter | EVERFINE | KILT--P14-083D |  2019.08.23 2020.08.23

Sample Picture (not to scale)

P10-100Q (Bare)

P10-100Q (With Cover)

Prepared by:
Korea Institute of Lighting and ICT
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P10-100Q (Bare / With Cover) KILT1809-U06847
e nninnoii i o b

Test Methods
Seasoning of Solid-State Lighting Products

SSL products shall be tested with no seasoning in accordance with IESNA LM-79-08. Therefore,
the sample was tested with no seasoning.

Photometric and Electrical Measurements using Integrating Sphere

A Everfine spectroradiometer and 2m Integrating Sphere were used to measure correlated
color temperature, chromaticity coordinates, and the color rendering index for the sample.

Ambient temperature was measured at the same height as the sample mounted in the integrating
sphere. The sample was operated at the rated input voltage in its designated orientation.

Before being measured, the sample was operated long enough to reach stabilization and
temperature equilibrium and was identified as follows:

The variation of 3 readings of the light output and electrical power over a period of 30 minutes was
less than 0.5 %

—_—
Prepared by: Page 4/ & September 19" 2019
Korea Institute of Lighting and ICT
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P10-100Q (Bare / With Cover)

Summary of Test Results

[P10-100Q (Bare)]

KILT1908-U06847

Photometric Items Results Conditions
Total Luminous Flux 38914 Im
Luminous Efficacy 38.92 Im/AW
Correlated Color Temperature (CCT) 1645 K .
Integrating Sphere
Color Rendering Index (Ra) 45.6

Chromaticity Co-ordinate (x, y)

Cx=0.4141, Cy=0.2249

Chromaticity Co-ordinate (u’, v')

u'=0.3401, v'=0.4155

Electric Items Results Conditions
Input Voltage 220V
Input Current 0.449 A Integrated Source meter
Input Power 9918 W
Additional Items Results Conditions
Ambient Temperature 251 °C -
- Color Rendering Details I CIE
R1 71 yﬂ-g"r'gf”'["“l'r”[m'[m']””]””.
R2 41 ' '
R3 19
R4 78
RS 52
R6 -9
R7 37
R8 76
R9 72
R10 -25
R11 87
R12 169
R13 52
R14 60 > ]
R15 o8 % 01 02 03 04 05 05 07 08x
Preparedby:  Page 518 September 18" 2019

Korea Institute of Lighting and ICT
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P10-100Q (Bare / With Cover) KILT1909-U06847
[P10-100Q (With Cover)]
Photometric ltems Results Conditions
Total Luminous Flux 3498.8 Im
Luminous Efficacy 35.31 ImwW
Correlated Color Temperature (CCT) 1652 K .
Integrating Sphere
Color Rendering Index (Ra) 456

Chromaticity Co-ordinate (x, y)

Cx=0.4140, Cy=0.2256

Chromaticity Co-ordinate (u’, v')

u'=0.3394, v'=0.4161

Electric ltems Resulits Conditions
Input Voltage 220V
Input Current 0.445 A Integrated Source meter
Input Power 99.08 W
Additional Items Results Conditions
Ambient Temperature 251 °C -
~ Color Rendering Details CIE
R1 71 yﬂg llll!llli!T'lllzllll!llll![lll!llill[ilTl‘
R2 41
R3 19
R4 77
R5 52
R6 -9
R7 a7
R8 77
R9 71
R10 -25
R11 87
R12 170
R13 52
R14 59
R15 66
Prepared by: Page 5/8 - September 19" 2019

Korea Institute of Lighting and ICT
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P10-100Q (Bare / With Cover) KILT1909-U06847

Spectral Power Distribution
[P10-100Q (Bare)]

Anm) mW/nm A(nm) mW/nm A(nm) mW/nm A(nm) mW/nm
380 1.445 490 1047 600 78.14 710 38.47
385 0.8093 495 9.754 605 89.85 715 33.98
390 0.8545 500 9.749 610 101.5 720 30.1
395 1.009 505 10.26 615 113.5 725 26.45
400 1.079 510 10.59 620 126.8 730 23.13
405 1.513 515 11.24 625 144.1 735 20.25
410 2466 520 11.68 630 165 740 17.66
415 4.367 525 11.95 635 1824 745 15.36
420 8.354 530 124 640 173.4 750 134
425 15.89 535 12.82 645 150.9 755 11.72
430 29.24 540 13.3 650 141.8 760 10.26
435 50.36 545 13.99 655 140.8 765 8.891
440 82.74 550 14.85 660 1445 770 7.659
445 126.3 555 16.42 665 148.6 775 6.605
450 161.5 560 18.29 670 137.4 780 5.788
455 146.8 565 21.04 675 107.1
460 97.04 570 2517 680 84.58
465 63.89 575 30.38 685 71.24
470 42.19 580 37.14 690 62.05
475 26.3 585 453 695 54.8
480 171 590 55.33 700 48.76
485 12.8 595 66.45 705 43.36

613 11«

_————____—_—-Eg——_—_——

Prepared by:

Korea Institute of Lighting and ICT

Page 7/ &
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P10-100Q (Bare / With Cover) KILT1909-U06847
—_—————— _ ANLT1909-Ulod4s

[P10-100Q (With Cover)]

A(nm) mW/nm A(nm) mW/nm A(nm) mW/nm A(nm) mW/nm
380 1.185 490 9.694 600 70.58 710 36.01
385 0.7343 495 8.825 605 80.9 715 NIT7
390 0.8188 500 8.848 610 91.04 720 28.1
395 0.7399 505 9.214 615 101.4 725 24 87
400 09216 510 9.501 620 112.2 730 21.66
405 1.324 515 9.97 625 1254 735 19.08
410 2177 520 10.4 630 142.4 740 16.8
415 4.029 525 10.77 635 1594 745 14.55
420 7.635 530 11.01 640 1589 750 12.67
425 14.17 535 11.43 645 140.7 755 11.11
430 26.01 540 11.88 650 130 760 9.696
435 44.56 545 12.54 655 127.9 765 8.388
440 72.39 550 133 660 1304 770 7.24
445 109 555 149 665 135 775 6.246
450 141.2 560 16.7 670 130 780 5457
455 132.8 565 19.27 675 105.5
460 90.45 570 22,94 680 82.02
465 59.04 575 27.62 685 67.87
470 39.73 580 33.7 690 58.56
475 24.88 585 41.19 695 51.44
480 16.06 590 50.13 700 45.64
485 11.96 595 59.92 705 40.58

_l_;_L i 1.0 = 1.62424+002mW/r

—_—eeee
Prepared by: Page 3/ 8 September 19™ 2019
Korea Institute of Lighting and ICT
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KO t T ] www.polymer.co.kr
p Test report No.: 19-5329

Korea Polymer Testing B Research Institute Page 115

TEST REPORT

1. oJ=|7| 2 :
7l & ENEHEet =0T st (MEE H)
& ZY BEo ME o2 7194 (W)ERED=00|EX TS

2. O|2|YX} : 2019. 07. 29.

3. 8 : SUIIMINER

4. NEEES E£ 28, MEZ - 2 1 X

5. A|2E"4 : Solid

6. NESE : 5 2 &=

7. Mg 2 2 &x

8. A|g7|7t : 2019. 08. 02 ~ 2019. 08. 07

9 AN : B 2 &x

10. AlgXt: 24 24

NP SoIRt
g o |x 9 mym R Ko AlEMOR i
ooz M EQQQW@#Q” ¥ Emuzs ‘A&w%ﬁé%fw"

= Test report &= C|2|X7} HE2T A|EE 0|28 EHZADQL|CH
£ Test report £ AIHEO| 10| MH, @& L B &-aucu SER A8E 4 gL
¥ HEO 9HO| 2 FR HIE ARs AlY 22 7 A& o 7|gtct

20194 8¢ 8¢

a2z iz ot XA S H A ¢

(2102791 MEE-EA| H87 BB Z1871E 21(4H¥ T 5) TEL 1588-1574 FAX: 02-963-2587
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Koptri

www.polymer.co.kr

Test report No.: 19-5329

Korea Polymer Testing & Research Institute Page 2.1:5
H 1 ARY Y ARAE
A= Z|3E A A2t
No |20 27| |20 ArSst AZAE
ARY NES
10 20 30 40 90 6o 70 8o go 1
i1l | 1 I
1 Hhd A TH(H-12) Kopt- '
S 19-08-10430-1
Note 1) A[EHZ}E : Koptri ( )/ SRR (O )
Note 2) #IE MO Z|ZfEl ARYH : HHAELTY
H 2 AgSY 8 AEED
AN2Y AEES el AlEE S Al A
ASTM E1461
. HHELE W/(m-K) 11.0
Koptri- (Laser flash: Thru-plane)
19-08-10430-1 ASTM E1461
HHEE W/(m-K) 19.5
(Laser flash: In-plane)

Note) H|Z : Differential scanning calorimetry 2 =73

(02791 A E5E

S g 2187H4 21(AHE = E) TEL 1588-1574  FAX: 02-963-2587
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KO t T ]' www. polymer.co.kr
p Test report No.: 19-5329

Korea Polymer Testing & Research Institute Page 3/5

* Raw data

1 Ag =d

1-1 UeAg =4d

(1) A& 7|7 : Electronic densimeter (Alfa Mirage A} / MD-300S)

(2) AEEE : ASTM D7920] #3510 HIE 58 & st
(Standard Test Methods for Density and Specific Gravity (Relative Density)
of Plastics by Displacement)

(3) Alger :(2512) °C

1-2. H|¥(specific heat) A|E =H
(1) Alg2E: KS M ISO 11357-4 (Plastics-Differential scanning calorimetry (DSC)-
Part 4:Determiantion of specific heat capacity)
(2) A|BIEH]: TA A}, DSC 25
Q) SE2=H ¥ AlZh 0 °C (5 min |X])
0 ~ 50 °C (1st Heating)
50 °C (5 min SX|)
2455 °C/min (1% heating)

#1721 :N;

4
&)

Hr o

1-3. B4+ 5 EHER AME =H
(1) A& Z|7] : Thermal diffusivity measurements (NETZSCH, LFA 447 NanoFlash)
(2) Al : ASTM E1461(Standard Test Method for Thermal Diffusivity by the Flash Method)
MT) = a(T) x Cp(T) x p(T)
gt (a), H2(Cp) BE(p) 58 & CPEZME 2HE
(3) Sensor : InSh
4) Alg2x :25°C
(5) Voltage / Pulse Width : Thru-Plane - 270 V / Medium
In-Plane - 270 V / Long

(S)02791 A2 EHMA| 423 S 2187}2 21 (MY E) TEL 1588-1574 FAX: 02-963-2587

— 315 —



KO p t T ]. www.polymer.co.kr

Test report No.: 19-5329

Korea Polymer Testing & Research Institute Page 4/5

2. NEZ3
2-1. EHECAE duf
H 3-1 @HEEAY A

: ; S Thermal
A= R Density Specific heat | Thermal diffusivity ductivi
un conauctivi
(g/cm?) (/9K (mm?/s) w /(m-l();y
1 1.716 0.945 6.761 10961
2 1.716 0.945 6.760 10.960
Koptri-
S a— 3 1716 0.945 6738 10924
{Thru-plans) SD . - 001 0.02
(%M : 2.010 mm)
CV(%) = = 019 0.19
b 1.716 0.945 6.753 10.948
30
MM by
H WWMWW‘WWWMMWW
20
15+
%
10
/
004 WJ"FWW ﬂlﬂ/
& ) ) 200 400 500 800
Time /ms
te --JF“‘"_R.I“!”( T : 19-06-10430-Thiu Epﬂﬂnli'lﬁ"ﬁ::‘hn:;- T |Ampl. galn : 50020 0 (105002)

Ermated wikh NETZEEH Profaas sofwars

SD : Standard deviation
CV : Coefficient of variation=(SD/average)x100
Note) Half time t;,; : 81.5 /ms

(S)02791 A2 EHMA| 423 S 2187}2 21 (MY E) TEL 1588-1574 FAX: 02-963-2587
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Koptri

www.polymer.co.kr

Test report No.: 19-5329

Korea Polymer Testing & Research Institute Page 515
T 3-2 MDA An
. X T Thermal
Density Specific heat | Thermal diffusivity .
AlB™H Run (a/em?) /g k) (mm/s) conductivity
g/cm g mm?/s
(W/(m-K))
1 1716 0.945 12.527 20.310
2 1716 0.945 11.588 18.786
Koptri-
19-08-10430-1 3 1.716 0.945 12.000 19.454
(h-plane) SD : - 047 0.76
(5H :0.818 mm)
CV(%) B - 391 391
b 1.716 0.945 12.038 19.517
08
Cl?-f
06-;
05
04]
o & i
‘é’ o3l
0z]
0 1
00-5 A
Caleulation range
02 T T -
(1] 500 1000 1800 2000
Time /ms
‘Bensor signal * shat 2 step 1 |identity : koptri_18-08-_2_218{5101 19.08.06 | Thickness : 08160 mm Model © In-plane._ isciropic + heaficss
Tomperature : 250°C ismlpln‘ 18-08- 10430-IN-Plane :DO { D1 | D25 S130mm | 10.000 mm | 12.850 mm Diffusivity : 12 527 mm"2/s
Date/Time : 2018-08-06 10.23.04 | Material : 19-08- 10430-IN-Plene Oparator © Wim Secloin Ampl. gain ; 500200 ( 10xS002)
Instrument ; LFA 447 Remark 1 KOPTRI | Remark (shot) : KOPTRI

Creatond with NETESCH Frofeus sfivara

SD : Standard deviation
CV : Coefficient of variation=(SD/average)x100
Note) Half time t;,; : 149 /ms

k

(2)02791 AMSEHA M2 Bj2218712 21(AHE=5) TEL 1588-1574
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6] KCOIEQIZ: LEDSIIR(OHYE) 120 - 825t

Jo

FEEAE TR

HH#S 1 CKC-2018-008920

T Jic

OLMQIZ A
Safety Certificate
AHASZHS *JI11036-16002E

(Certificate No.)

HIZAR/SUARY (Z)RYEH
(Manufacturer/importer)

F . D ZEC HAD PUS SIZ 4620
(Address)
H| ] 9 © LEDS7ISMOiuE)
(Product) Recessed Luminaires for LED Lamps
72 2 2 9 9 . GLV-610K
(Basic Model)
4t M2 9 - GLV-610K-A60,GLV-610K-L30,GLV-610K~- L60,GLV-610K-D60,GLY
(Series Model) -610K-A30 GLV—DSIG GLV-DB10H ,GLV-P610QI
AR =M Y - oy V~, 60 Hz, 12 W (LED 0.5 W x 36 EA)
(Rating)
Al"® 7 & * KC60598-1(2015-09), KCB0598-2-2(2015-09)
(Standard)

E USME MEIY @ g3
HZRAE : (F)XAH|HL BBt it
HESFL| F4 : LA HYUZ YUE 22 4620

ISR I WHEE OHHYRY NBTR, HMOXH2E, H4Z K10RRDE E MISZEX2&t0| ot
2t QERIZME USELICE
We issue this Safety Certificate for the above appliances in accordance with the Article 9(2), 9(4),
10(2) or 15(2) of the Enforcement Rule of the Electrical Appliances and Consumer Products Safety
Control Act,

20188 11¢ 30y
year month day

KTR:Z

%0l 2Bkt EDISE W MURE OHBAY, of O KB oFEA H0I0| sy 20|H, T 8ol OHE HEO| XBL=
AES R0 s YR M2t 212 9F - 817 §8 2OI0F UL

1. W7IB2 erEpIRE Y MESH(List of Critical Components)
FFMR |2 71B2Y - IRHO| 1B (Descriptions of the basic and sefies model)

\ \ 3. YEeiE ) = MBRevisions Status)

g.u Al R EALE AAISIT OHFOIS A SEE

run D{H

Ull

HHAS Al =2 1 5 H|
KTR Jmm%’“”"*“‘ =

EARLR IN
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(Certificate No.)
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(Basic Model)
o M2y N © BiZ{(None)
(Series Model)
LR B B 1 220 V~, 60 Hz, 20 W (LED 0.5 W X 96 EA)
(Raling)
Al "7 & ¢ KCB0598-1(2015-09), KCE0598-2-1(2015-09)
(Standard)
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We issue this Safety Certificate for the above appliances in accordance with the Article 9(2), 9(4),
10(2) or 15(2) of the Enforcement Rule of the Electrical Appliances and Consumer Products Salety
Control Act,
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