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Heat load per product footprint
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Total LED Lighting Market: Revenue Forecast by Application, Global, 2014-2024
100,000.0 -
= 80,0000 -
°
£ 600000 -
@
Q
3 40,0000 -
Q
o
¥ 20,0000 -

0.0 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
WArchitectural 49108 | 54092 | 58624 | 64116 70344 | 75040 | 7,7119 | 8,221.1 | 85391 | 8,807.1 | 92189
MHospitality  1,714.3 | 2,283.9 | 2,883.8 | 32324 | 3927.7 | 45295 | 50945 | 5914.8 | 65459 | 7,383.5 | 79834
u Industrial 664.7 9009 | 1,180.0 | 14605 | 1.699.1 | 19406 | 21934 | 2460.1 | 2.737.2 | 3.0247 | 34214
| Office 27775 | 37940 | 48680 | 76117  8618.1 | 9640.0 | 10,826.3 | 11,908.7 | 13,099.2 | 14,2352 | 15,396.5
u Outdoor 6,1955 | 76136 | 8804.7 | 7,9242 | 8851.8 | 9.704.3 | 10,5422 | 11,294.0 | 12,0209 | 12,722.7 | 13,4006 |
MResidential 10,983.8 | 14,174.9 | 16,854.2 | 18,144.4 | 20,2245 | 22,189.5 | 24,199.0 | 26,122.6 | 28,103.5 | 29,982.9 | 31,8384
u Retail 50380 | 58938 | 68502 | 7,3545 872639 | 9,181.8 |10,193.0 | 10,908.6 | 11,853.8 | 12,814.2 | 13,780.8

Year
- &% : Global LED lighting market 2018, Frost & Sullivan
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Units 95 Alumina 99 Alumina Jirconia s EE e | CLENE 115 DIRIME * 115 DENE @RTIL 7S e
2455 G DL M55 A

Density
Water Absarption | ¥ | o | o $29. B
Coafficent of Thermal Expansion WK T8 BE
Modukus of Elasicity Young's Mod | G | om0 | a0 I i e B it
Possson's Ratio o2 0z2
HV Hardness | mpa | w00 | 1650 i TeAsiER
Flaxural Strength & Room Temperature 1ipa 80 310
Flewnural Strengih & 700°C | Mpa | 220 | 20 EEIZH
Compressnve StrengthifiRoom Temperature lipa 2000 2200
Fracture Toughness | Mparm® | 38 | a2 R o]
Heat Conductnity i Room Temperaiure Wim*k 18- 25 26-30

2 15 16
Elecincal Reswstvaty £ Room Temperature | *mem ' m | =10 | >10 | >10 O I' E :.
hiax Applicabon Temperature " 1500 1750 1050 E —I— u I Lf 2 5W u
Resistance o Az i Akabne | [ | High | High | High —
Dheleciric Constant d 95 e o5 1 1 5X 1 1 5 m m (T 7H| 1 T)
Dislectric Strength | wimm | 16 | = | i

Themal Shock Resistance AT("C) 220 180 - 200 282 - 350 $ 3 O

Tensile Strength @ 25°C | Mpa | 200 | 248 | 22
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1.1-EP 1481999 A2
1.2 -US 6261481 B1

1.3 - US 2004/0102597 Al

2. EP 1832636 Al

Anisotropic conductive adhesive

3.2-US 6376638 B1
3.3-US 7795744 B2
3.4-US 6977274 B2

3.1-US 59625

Structured resin systems with high

4. US 8216672 B2
thermal conductivity fillers
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TC of BP resin ~ 0.34 W/mK
(cured w/ DDS)
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4,4'diglycidyloxybiphenyl (BP)

71 = BP (70 um, spherical) -
Compounding g Mg, Mixing 6 ° gg (:: um, _Sphenlcal) 3
: > | (45 pum, |rre-gu ar) -
' HARDENER 'S 541 v TMBP (45 pum, irregular) -
S T { <« DGEBA (45 um, irregular)
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ey Filler Content (wt%)

Yeo & Jang et al. Composite Science and Technology , 141, p99-105 (2017)



@ Cationic Polymerization of Epoxy
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4,4'-diglycidyloxybiphenyl (BP)
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@ Curing Kinetics (DSC study)

de/dt = (1/Q;)(dQ/dy)

o :degree of conversion
da/dt: differential curing rate
Q; : total curing heat

a= : '
Q/Qr Q : cumulative heat at a time
L J
10 T0
_ —155°C .
08- s S 08-
170°C 2 08
: ——180°C o)
~ 06 ——190°C £ (6.
'c _ ——210°C 9
é y __ 530 - 155°C
— 4 - —165°C
% | g 0.4 ——170°C
3 8 ——180°C
24 9 ——190°C
. o 0.2+ ——210°C
0] __ ) ——230°C
) - 8]
T T T T T T | 0.0 I I I I I
0 10 20 30 40 0 10 20 30 40
Time (min) Time (min)

- Ini. conc. : 3wt%
- Curing time: 165°C 45min, 170°C 40min, 180 °C 35min
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@ Curing Efficiency & Th. Conductivity

* Thermal Conductivity

Cationic Thermal
= Epoxy Initiator Conductivity
o Content (W/m-K)
= BP 0.5 wt% -
= BP 1 wt% 0.43
§ BP 2 Wt% 0.47
T BP 3 wt% 0.48

BP 5 wt% 0.45
v BP DDS 0.34

100 150 200 250

o About 40% increase in TC
Temperature (VC)

e 1707 hot press for 90 min, then post-curing at 250 C for 60 min

e No relation between CI conc. & TC

* Mechanically good samples were obtained when 3~5 wt% CI conc.
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® POM — LCER w/o0 Curing Agents &y

Resin only

e Ramp speed: 50°C/min
e Disappearance of ordered structure
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® POM — LCER w/ Curing Agents X

 Ramp speed: 50°C/min, 3 wt% Cli
e Preservation of ordered structure & Fast curing
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@ Crystallinity of LCERs - XRD

= E]

s E.- —130°C
2> > 160°C
5 B —170°C
c c —190°C
g 9L ——250°C
c

= w/ Cl =

DD
10 20 30 40 — .
0 10 20 30 40

2Theta (deg.) Scattering angle (26)

o Interdistance peaks ranging from 3.1 ~ 4.6 A were observed.
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@& SEM Cross-sections (Dense Packing of hBNs)

30 vol% 40 vol% 50 vol% 60 vol%
Void: 0.8% Void: 2.0% Void: 2.4% Void: 4.8%
Cm'npoundingc ‘ ; _ Mixing

hBN (30 um)
« Tg ~ 160 °C (DMA)
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