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Seoul' Semiconductor:
1 APUYMHBI yCcrexa




Corporate Summary

50% + CAGR Every 5 Years

1. Established in Feb 1992 4. Growth History ('92 ~ '15)

[MUSD]

2. Current SSC

1[000 s 1’000 MUSD ......................................
800 CAGR
700 50%
* Sales Revenue : $1.0B (2015) = e
. : 72%
* Capacity : 1.8B packages per month 200 —
51%
50 CAGR
3. Market Share : 59% .

*  World 4t (2016, SU Report) 1992 1997 2002 2007 2013 2015
e World 3™ without captive market
* World 1% Korean LED supplier 5. Vision

World Top LED
20% MS by 2021
Nichia

Osram Opto Germany 51,311,750,000| 9%
Lumileds USA $1,213,940,000 8% echnolog
Seoul Semiconductor South Korea | $772,547,586 5%

Revenues |% Share

fa L I
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Seoul’s Technologies

Has introduced the world’s first LED technologies
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Conventional LED Bulb

POI(J Same area, but 10X brighter
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~

nPola LED Bulb

-

violeds

Full-range
UV LED solutions

Applied to space station /
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Seoul’s Technologies

Developed proper Solutions in Lighting

Product Technology Trend SSC’s Solution

Color Quality WICOP Y22
(CRI, CrispWhite, Vivid, GAI) \ p
. 5630
Acrich MJT 3030

3528

Human Centric Light
(Circadian, CCT Tuning)
Wall Plug Efficacy
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2 WICOP:

Kpuctann + nioMnHodop
U HWYEro JINLUHETrO.



WICOP — 1 Hu4Yero nuuiHero!

Innovation of Packageless LED

Conventional Vertical chip csp W'ccop Production Facilities
PKG PKG
Phosphor ----y Wire Bonding Die Attach Trim-forming
. Chip :
Gold wire - | (-Ship i i
__________ Chip !------ Bonding Paste P _i
--- Bonding Paste i Ceramic
Ceramic E Phosphor ---- ]
i Phosphor |
; Out
i~ Gold wire
;4= Chip ‘
i";r-'i Bonding Paste %
i-+--i- Lead Frame | o
K out Raw Materials
Phosphor-i
Ceramic Bonding .
Slow down Lead Frame Substrate Paste Gold wire
X E
'1992 2000 2010 2015 Year
Development of Wicop

Wicop in TV & Auto Wicop in Lighting
Next?

g =B S Higher Im/W
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WICOP — makcumanbHas npocToTa

WICOP: Wafer Level Integrated Chip on PCB

The simplest LED: LED chip with phosphor and solderable pads that can be directly mounted on a

PCB
Uniformly applied
phosphor
. o ’ - .
LED chip '
P & N solder pads

integrated into ¢
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WICOP — BoT Tebe n nepBas Bbiroaa!

Efficacy & Cost

20% higher efficacy, 30% Cost Down

Im/ W
120%
771 A . .
3535PKG Y22P
3535 Y22P Remark
Current 1.2A
System power 400 W
Flux 40000 Im 48000 Im 20% 1
Efficacy 100 Im/W 120 Im/W 20% 1
Remark 100pcs, Street lighting

Total Cost

(LED, PCB, Optic..)

100% !35% cost reduction

65%
3535PKG Y22pP F
30pcs LEDs # of LEDs 20pcs LEDs
with 3535PKG PCB Size with Y22P

Under same performance

) @ with same heat sink size ~
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WICOP - BoT Tebe u BTOpas Bbiroaa!

Color distribution

Best Color over Angle (COA) Solution with Wicop

High Power WICOP

- Simple Optics
- Small Color variation(u’-v’)

- Complex manufacturing
- Color variation

o.03
XPG3, Z5M2 ———  WICOP 78-Y19, Y22
o.0z25 ‘ —————  High Power3535
‘\ /
o.ozo| XPG2 \\ /A CCT = 1600K
3
s 0.015
[<5)
3
0.010
o.005
0.09956 =0 SO = =-Je) O =0 SO 50 TOC
T h e variation o f angle(degree)

Fig) Delta u’v’ graph through the variation of angle
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COA — B XXU3HU 3TO BbIrMMAOUT TaK:

Color Over Angle

If delta CCT is 1600K,

A

3400K 5000K 3400K 5000K 3400K 5000K ‘g
‘ <7

Based on Z5M2, XPG3, LuxeonTX @5000K, 70CRI
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WICOP - cBeTtuTtb Bcerga!!!
Summary of LM80 Test results for Y22

Nominal Case Temperature

Items
55 °C 85 °C 105 °C
Number of LED tested 20 20 20
Drive Current 1 050 mA 1 050 mA 1 050 mA
Measurment Current 1 050 mA 1 050 mA 1 050 mA
Test Duration 10 000 h 10 000 h 10 000 h
Actual Case Temperature =53.3 °C =83.6 °C =103.4 °C
Actual Ambient Temperature =51.6 °C =81.5 °C =101.4 °C
Air Flow Velocity =0.84 m/s =0.54 m/s =0.17 m/s
Averaged Initial Luminous Flux 362.3 Im 351.2 Im 346.5 Im
Averaged Initial CCT 2972 K 2998 K 2983 K
Averaged Forward Voltage 3.04 VvV 3.05V 3.05V
Averaged Lumen Maintenance 99.1 % 100.7 % 99.3 %
Averaged Chromacity Shift 0.002 1 0.003 5 0.004 5
e 1.736E-06 3.937E-06 5.402E-06
L110 B 1.009 1.049 1.051
L105 TM-21 Projection Lyq >60000 >60000 >60000
ry (4| " = = TM-21 Projection Lgg >60000 >60000 51000
— L100 o T™M-21 Projection Lgg >60000 39000 29000
8 t Tt 1t¢ T L
h
&) L95
'2\ \
o \
c
z L85 \
: 4
3 L8O \ \
L75 \ \
L70
1,000 10,000 100,000 1,000,000
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WICOP —HeBeposAiTHaA rMOKOCTb peLueHnn

Ultra high power in smaller form factors

PPS4050

Example of an 260W LED module with 84 LEDs & PCB footprint of 45 x 50mm

Copyright © Seoul Semiconductor Co., Ltd. Company Confidential <14> www.seoulsemicon.com



Y19 series

Y19 Y22 Y50

Y19

Features & Benefits

® Phosphor film directly attached to chip surface
= Enhanced High Luminous Flux

= Competitive Cent/Im

= Perfect color uniformity

Size:1.9x1.9
Thickness: 0.4 mm LM80
= 10000hrs : Finished @ 0.7A PL€ 4.1 (Premium)
® Electrical Optical Characteristics @Tj=85°C
5000K 4000K 3000K
2 2 2
Current [mA] 700 700 700
FLUX [Im] min 299 270 256
2.86 2.86 2.86
Efficacy [Im/W] 149 135 128
Min 70 Min 80 Min 80
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WICOP Y19 u KOHKYpeHTbI

Y22 Y50
SSCY19 C company N company \

175 Tt T

170 ¢ O ws,168 |

165 | i

. O was,163 | o Po: i

160 ! | 5 D320, 162 i

g 15 | i | s

= 50 || 219¢C

i i XTE-HE i D300, 151 |

145 | | S2, 148 :

140 | i XTE ; i

; i O RS, 139 ;

135 L 1 R e . . 1

4000K CRI70 Power Flux [Im] Im/W Remark
@350mA 85°C Typ [W] Min Max (min)
XTE (R5) 1.0 139 148 139
C company
XTE-HE (S2) 1.0 148 156 148
219-D320 0.99 160 170 162
N company
219-D300 0.99 150 160 151
W5 0.98 167 174 170
Y19

w4 0.98 160 167 163

=  Im/W = min Flux / typ Watt
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Y22 series

Y19 Y50

Y22 & Y22P

Features & Benefits

= Simplest structure, Chip and Phosphor only
= Highest Luminous Flux

~ = World highest Im/W with the best Im/$
= Perfect color uniformity
= Y22P : 3535 foot print

Size: 2.2x2.2 Size: 3.5x 3.5
Thickness: 0.4 mm Thickness: 0.9 mm LMS80

= 9000hrs : finished @1.05A , 1.5APC 41 (Premium)

® Electrical Optical Characteristics

@ Tj =85 °C

5000K 4000K 3000K
Power [W] 1.95 1.95 1.95
Current [mA] 700 700 700
min FLUX [Im] 330 328 284
2.78 2.78 2.78
min Efficacy [Im/W] 170 168 146

Min 70 Min 70 Min 80
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WICOP Y22 1 KOHKYpEeHTbI

SSCY22p C company N company
170 | prmmmommmmm ey P 319A
O wr, 168 O paso, 168 |
165 | L s i
| i (High COA~1600K) ]
i ! XPG3 i i
160 | O weer O g ToT i
§ O Db3ag, 158
= 155 | 5 319A :
i i i O D440, 154 |
150 | O Xea2 219C
i 54,149 D320,149
145 L __________________________ : IL __________________________ :
4000K CRI70 Power Flux [Im] Im/W Remark
@700mA 85°C Typ [W] Min Max (min)
XPG3-S5 1.981 318 337 161
C company
XPG2-54 2.03 303 318 149
219-D340 2.002 316 335 158
219-D320 2.002 298 316 149
N company
319A-D480f2(3W) 1.97 331 359 168
319A-D440f2(3W) 1.97 304 331 154 Typ. 327Im, 166lm/W
w7 1.946 327 341 168
Y22/Y22P
W6 1.946 313 327 161

=  Im/W = min Flux / typ Watt
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Y50P

Y19 Y22 Y50

Y50P

Features & Benefits

= WICOP 4pcs array on SMT substrate : 5.0x5.0 mm
= Enhanced High Luminous Flux

= Best Im/W at 8W

= Perfect color uniformity

= Optimized Application: Outdoor area

Size: 5.0 x 5.0 = 4 Cluster of Y22 & (Y19)

Thickness: 0.9 mm

LM80
= 9000hrs : Finished @ 1.05A, 1.5A DL€ 41 (Premium)

® Electrical Optical Characteristics @Tj=85°C
Min Typ Max
- 4000K -
Power [W] - 7.84 -
Current [mA] - 700 -
FLUX [Im] 1183 1236 1289
- 11.2 -
Efficacy [Im/W] - 158
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WICOP Y50P wn

KOHKYPEHTbI

Y19 Y22 Y50
M fact Pkg T RANK SPL Q't R k
anufacturer e emar
9yp Flux CCT Vf y
L Company 7070 Ceramic T 4000k CRI70 G 5 970~1040Im
O Company P10 Plastic RP 40S3 L5 5 1120~1210Im
Manufacturer L Manufacturer O
— (]
T,=25°C SSC/Y50P 7070 Ceramic 7070 Plastic
PKG/Chip i N\ S C ' )
ip image "’V e ¥
PKG size(mm?) 5.0x5.0x0.95(t) 4.2x4.4x0.5(t) 7.7x7.7x3.45(t)
IF/P; 0.7A/8.0W 0.7A/8.0W 0.7A/8.2W
Flux(im) 1316.99 1074.77 1266.5
o 100.00% 81.61% 96.17%
VE(V) 11.49 11.41 11.74
Efficacy(lm/W) 163.8 134.58 154.18
PKG y 100.00% 82.20% 94.10%
@8.0W CIE(Cx, Cy) 0.386, 0.379 0.391, 0.392 0.389, 0.390
CCT(K)/CRI(R,) 3898 / 72.4 3847 / 70.6 3910/ 73.6
Flux(Im) 1316.99 1055.42 1281.7
Same CRI 100.00% 80.10% 97.30%
Efficacy(Im/W) 163.8 132.16 156.03
Same CRI 100.00% 80.70% 95.30%
PKG 1190.56 943.55 1107.39
Flux(Im)
@8.0W 100.00% 79.30% 93.00%
/T .85 VF(V) 11.12 10.99 11.43

(© Seoul Semiconductor Co., Ltd.

Company Confidential
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WICOP Y11 / Y15 mra—

Features & Benefits

= Phosphor film directly attached to chip surface

= Enhanced High Luminous Flux

= Competitive Cent/Im

= Perfect color uniformity

= Optimized Application: Indoor/Outdoor area, Bulb, Down light
= Compact footprint enables system level cost saving

vil . Y15

1.14x1.14 : 1.41 x 1.41
V11
LM80 | LM80
= 6000hrs (@500mA) : Done = 6000hrs (@700mA) : Done
® Electrical Optical Characteristics @25°C ® Electrical Optical Characteristics @85°C
3V 6V oV 4000k  2700K
4000K 2700K 4000K 2700K 4000K  2700K Power [W] 0.98 0.98
Power [W] 1.1 1.1 1.1 1.1 1.1 1.1 :
Current [mA] 350 350
Current [mA] 350 350 175 175 115 115
FLUX [Im] 150 138 150 138 147 135 FLUX [Im] 133 120
3.2 3.2 6.3 6.3 9.5 9.5 2.8 2.8
Efficacy [Im/W] [EED 125 136 125 134 124 Efficacy [Im/W] 136 122
80 80 80 80 80 80 80 80
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3 3578 -

Kopencknm ceeroanopn
MO KUTAVCKOU LIeHe.



3.2. Mid Power

150%
5630D 56300D-E3
" MIT5630
A //') : .
100% 3030B 3V Premium
High Im/W 35 3y normal

(S (0.2wW)

S 3528-3V-E3

i

c

]

Q

50% V113V
Y119V -
~ MJT3030B 6V - SVt
: 3528 3V-E1
30308 6V \
Low cent/Im 35283V MIT35289V-E1  3328-6V
0% (0.2°1W) @5000K, CRI Min.80, T=25 C
110.0 130.0 150.0 170.0

Lm/W

Copyright © Seoul Semiconductor Co., Ltd.
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3528

\ p —
< 3528 Line-up > “ J
MIT

“- EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEETRmE ..‘
3V 6V E 9V 12V 18V 32V E
3V 6V-2sD & 9V 18V
3V-E1, E2, E3 : :
VeopD P ovEl 12V-E1 18V-E1 VEL

L 4 *

AEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES

< MJT3528 Strengths >

= Reduce PKG Quantity = Cost down = Use linear driver 2 Cost down
110V Bulb R 230V Bulb
12V 12pcs
- 9V 9pcs 32V 9pcs

9V 169CS PKG Q’ty AC-DC Driver Cost Linear
Driver $0.1J Driver

18V socs
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5630

N
~

“IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII..
L 4

5630D **  5630D-E3 MJT5630D K

. ‘
. n
- — -
| | | |
| | | |
| | | |
| | | |
188 Im/W . 207 Im/W 208 Im/W .
@65mA, 4000K . @65mA, 4000K @32mA, 4000K .
. .
| | | |
| | | |
| | | |
LMS80 DLC 4.1 (Premium) : LM80 DLC 4.1 (Premium) LMS80 DLC 4.1 (Premium) :
| ] ||
=15khr @65mA L70 > 50khr /190 >36khr " 10khrs @200mA L70 > 50khr / 190 > 36khr " 10khrs @70mA L70 > 50khr /190 > 36khr
* L 4
L 4 *

..IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII‘
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3030

“‘IIIIIIIIIIIIIIIII..’ “‘IIIIIIIIIIIIIIIII...
s~ 3030B-P ’ 30308 s MIT3030B
. STWxC2PB-E1 . STWxC2SB . SAWxC22B .
=3V = 6V _ .
: 200 Im/W : 145 Im/W " 158 Im/W .
. @65mA, 4000K . @150mA, 4000K - @150mA, 4000K -
E LM80 DLC 4.1 (Premium) E LM80 DLC 4.1 (Premium) E LM80 DLC 4.1 (Premium) E
" » 10khrs @ 300mA L70 > 50khr / 190 > 36khr: = 9khrs @150mA & 200mA " = 9khrs @ 150mA L70 > 50khr / L90 > 36khr :
‘. R L70 > 50khr / L90 > 36khr ‘. R
..IIIIIIIIIIIIIIIII“ ..IIIIIIIIIIIIIIIIII’

3V 6V
v‘///' {
g
45// High reliability product %
Optimized for Tube & Linear lighting Optimized for Bulb & Industrial lighting
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3Be3aa no nveHun CornHue:

Sunlike — TexHosiornsg
COJIHEeYHOro cBera



History of Lighting

Our biological clock is adjusted by natural Sunlight

bk

[#]
Incandescent Florescent White LED SunlLike -

Powered by 2=

4 million 0.5 million

years ago years ago >
Blackbody radiation (Natural light) Artificial light

Sunlike = HOBAA 3PA B UCTOPUUN HYEJTOBEYECTBA!
1. 3popoBbin cBeT

) o
2. [lpaBunbHOe uBeTOBOCNpPUATHE SUDLII(E@

Powered by <=
3. YetkocTb u otcyTcTBMe 611MKOB
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SunLike Core Technology

SsunlLike -

Powered by ==

TRI-R

Ordinary LED (B+YR)

Transmittad

White
Emission

light (B) ‘s/\

CRI: Rag91

VS. Excitation
’ Emission
’ Phosphors
"~ Phosphors S
Purple LED (Blue, Green, Red) SRS
TRI-R (CRI Typ. 97) CRIRad7 Commercial LED

normaized

Fa R

R2 R3 R4 RS RE A7 RB RI R0 R11 R2R13AM RIS
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SunlLike Core Technology sunlLike

Powered by ==

Blue based CRI>95 & Near UV converted spectrums vs Sunlike

v Less Blue effect & UV leakage

Blue Pump Blue Pump
v 15% higher Im/W
7N i- TR
i \ i -} .
I \ il - O 0.02 - -
- O 2 3 i « : @2700K . — SSC
— .‘_..".2:.:: - .= wp— B.
0.01 -
Violet Pump UV Pump
0.005 -

1 /,— \ LL L
o ///’ \ v (UV peak 0 - 4 . . . . . . ¢ .
° \ .¢ 350 400 450 500 S50 600 650 700 750 800
> ! \«
\ soos 4
0 - \
o L B o+ v —
N
Spectrums shown above are taken from datasheets of products available in the market O —

Powered by S= — .

B ¥ &8 8
2

Copyright © Seoul Semiconductor Co., Ltd. Company Confidential <34> www.seoulsemicon.com



Why Sunlike ?

Color Quality > Top class of lighting “Well-being and Clean’

Intensity (normalized)

‘ ' Sunlight spectrum

wavelength (hm)

Intensity (normalized)

wavelength (hm)

2. Exact and True
Color

1. Health & Well-being

Health care

Quality of sleep Natural light

Residential Dressing & fitting rooms
Children room Retail Store
Kitchen

Hospital

3. Good Visibility

Vividness
Eye protection

Desk lamp
Study room

School, Surgery room

Company Confidential <35>
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Well-being light : Healthy and high quality of sleep

Short wavelength blue light causes glare effect & sleep disorder

Visual
function
Roorda et al.
Nature,
397, 520-52 Non-visual function
2, (1999)

*L-cone : Long wavelength, Red / M-cone : Medium wavelength, Green / S-cone : Short wavelength, Blue

« S-cone, less than 6% of Retina recognizes “Blue”.
« ipRGC only reacts to blue wavelengths> Affects biological clock

suppressing Melatonin production at night-time

Copyright © Seoul Semiconductor Co., Ltd. Company Confidential <36> www.seoulsemicon.com



Well-being light : Human Centric Lighting (HCL)

Sunlike luminaires can replicate sunlight spectra during the course of a day

Human Centric Lighting

* Luminaire makers can reproduce the sun at the different times of the day

« Combining 2700K — 4000K and 6500K — Sunlike LEDs in one luminaire
. : ;
d
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Clear light with less glare

Eye protection — Less glare — Bring textures to life

Ordinary LED

Low contrast r;
—

R O
. : g8

' Intensity (normalized)

wavelength (nm)

SunlLike

wavelength (nm)

Company Confidential
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Application : Healthy environments, Quality of sleep

Health care lighting for circadian rhythm

SunLike -

Powered by J—=

- Lighting with circadian rhythm

« Sound sleep

« Pleasant & active during the day
« Health/Well-being

Conventional LED with Blue peaks at Night

Disorder of circadian rhythm/

B= Suppression of Melatonin production
« Sleep disorder

« Cancer, Heart disease

 Diabetes, Obesity
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Application : Circadian Lighting for Workspaces & 24x7 Environments

Less glare, Well-being lighting

® 28
ﬁl‘ Children's Nurseries

""‘ Design offices & Study rooms

24 x 7 Work Environments Health care lighting
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Application : Clear, Natural color

Experience genuine color in-and-outside

,m Fitting room "I_r' Dresser

Real colors for clothes Real colors for make-up
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SunLike= Product Line-up

MJT COB

* SunLike 6W MJT COB

x®
2
'\l \/,.r
‘@

= SunLike 10w MJT COB

@

= SunLike 15W MJT COB

Part No.
Size (mm)
LES ()
Rated IF (A)

Typ. Vf @Tj=85

3000K
4000K
5000K

Typ. Flux
@Tj=85

Part No.
Size (mm)
LES ()

Rated IF (A)
Typ. Vf @Tj=85
3000K
4000K
5000K

Typ. Flux
@Tj=85

Part No.
Size (mm)
LES (®)

Rated IF (A)
Typ. Vf @Tj=85
3000K
4000K
5000K

Typ. Flux
@Tj=85

Part No.
Size (mm)
LES (®)
Rated IF (A)
Typ. Vf @Tj=85
10[00]3¢
4000K
5000K

Typ. Flux
@Tj=85

Advantages & Benefits

SAWS0661A

13.5x13.5

6

0.17A

36.1V

516 Im

550 Im

557 Im

SAWS1063A

13.5x13.5

9.8

0.29 A

348V

900 Im

955 Im

970 Im

SAWS1564A

19x19

145

0.43 A

350V

1,380 Im

1,469 Im

1,490 Im

SAWS1566A

19x19

145

0.72 A

352V

2,226 Im

2,370 Im

2,404 Im

= Sunlike spectrum
=" CRI 297 & R1~¥R14 >90

= Rf=97, Rg=102 under TM30-15
(2700K ~ 5000K)

= 3000K~5000K line up. 2700K &
6500K to be available soon

Copyright © Seoul Semiconductor Co., Ltd.
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SunLike= Product Line-up

3030

= SunLike 3030 Size (mm) 30 x 30

CRI (Min.) 96

CCT 2700 3000 4000 5000

Power (W) 0.2

VE (V) 2.96

If (A) 0.065

Flux (Im) 19.5 20.2 21.2 21.2

Im/W 98 101 106 106

Advantages & Benefits

= Sunlike spectrum
= CRI 295

= Linear application for retail,
Architectural Appl.

= 2700K~5000K line up. 6500K to
be available soon

"It’s the only mid-power package in the market with Sun spectrum

SMD 2017

3535 1w ﬁ >

Next 2018

Wicop
3030 1W

Copyright © Seoul Semiconductor Co., Ltd. Company Confidential

<45 > WWWw.Seoulsemicon.com



Comparison with existing SSC LED products

v'Already , SSC products are optimized for CRI and TM30 criteria of R, R,

SSC .
CRI Target CRI 70 CRI 80 CRI 90 Sun like
White
Target Cool Neutral Warm Cool Neutral Warm Cool Neutral Warm Cool Neutral Warm

CRI 703 743 719 840 80.1 838 894 905 9138 98 98 97

TM30-R; 67.2 71.2 709 825 80.2 846 869 894 88.6 97 97 96

TM30-R, 95.8 97.7 956 957 968 969 1024 101.2 1024 101 101 102

CIE-x 0.3476  0.3847 0.4549 0.3502 03779 04639 0.3439 0.3833 0.4575 0.3456 0.3818  0.4595

CIE-y 0.3567 0.3756 04138 0.3559 0.3831 04133 0.3508 0.3847 0.4073 0.3573 0.3816 0.4107

cCcT 4925K 3876K 2796K  4826K 4115K 2666K  5044K 3981K 2707K 5000K 4000K 2706K

D.. 0.0016 -0.0018 0.0016 0.0001 0.0037 0.0007 0.0001 0.0029 -0.0010 0.0027 0.0019 0.0001
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Test results for: Sunlike Warm 2700K

Source:

Test Source

R-R, Plot
SPECTRAL POWERDISTRIBUTION COMPARISON e
Rf 926 r 140
[ Reference Source — Test Source @ Approx. limits for sources on
~ 100% T @ @the Planckian locus.
Rg 102 . Approx. limits for practical
F light sources.
- 80% T
= [ 130 A
CCT (K) 2706 g
~ S 60% 1
o L)
Duv 0.0001 H
= [
< 40% T .
N & - 120 - .
X 04595 [
- 20% T .
y 04107 .
- 0% e B B 110 -
CIE Ra 97 380 430 480 530 580 630 680 730 780 o
Wavelength (nm) - -
[
. e
3
COLOR VECTOR GRAPHIC COLOR DISTORTION GRAPHIC E 100 A :.3-
g L]
U] L)
90 A
o
o o o
o
80 + °© °
70 A
¢ Library ® Test Source
h. 60— A S e
50 60 70 80 90 100

Reference Illuminant == Test Source
Fidelity Index, R;
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Test results for: Sunlike Neutral 4000K

Source:

Test Source

R¢R, Plot
SPECTRAL POWERDISTRIBUTION COMPARISON 140 e
Reference Source Test Source L iR
100% 1 ® ©) Pt i
Approx. limits for practical
80% A light sources.
- 130 +
CCT (K) 4000 g
‘ L 60%
Q L)
Dy, 0.0019 2
- é 40% 10 1 ~ 5
X 0.3818
- 20% A F . o
- L]
y 0.3816 L. . &~ S
L]
- 0% + + + + + + t 110 + LI .
CIE Ra 98 380 430 480 530 580 630 680 730 780 L -® . o® .
Wavelength (nm) - I - Se e
« h - . e
;‘: | Se :.~:... : P
Q o % o ®
COLOR VECTOR GRAPHIC COLOR DISTORTION GRAPHIC £ 100 1 . T X B IR A ¥
5 . 32 ek B
: : : :
© M .
90 { ‘
o
LJ L L4
Lo
80 1t * .
o
o
70 1
* Library ® Test Source
hh 60 —— ey
Reference llluminant ===Test Source 50 60 70 80 90 100

Fidelity Index, R¢
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Test results for: Sunlike Cold 5000K

Source:
Test Source
ReR; Plot
- SPECTRAL POWERDISTRIBUTION COMPARISON
Rf 97 140
Reference Source Test Source L @ Approx. limits for sources on
- 100% @ the Planckian locus.
Rg 101 r Approx. limits for practical
20% A L light sources.
» 130 A
CCT (K) 5000 ]
- S 60% A .
Duv 0.0027 2
o o I
— T 40% 120 4 - B
X 0.3456
- 20% 1 r M . .
y 0.3573 . . NS
~ 0% t t t t t t t 110 4 . " N ..
CIE R, 98 380 430 480 530 580 630 680 730 780 3 . - .o . ,e
Wavelength (nm) o N . - . . RS
x~ - L] 'Y . [ ] )
% i °° .. .i.'.l.. : ‘... o o
o 0o
COLOR VECTOR GRAPHIC COLOR DISTORTION GRAPHIC £ 100 ] 2 ".'.'- _ﬁv‘(:‘é.. ":' > Y
‘é .. .. ':“'..o -\-.:g.ﬁ. ‘0 . .
8 R T .
| XY ':. 8. .
90 1 R S
. o ¢ ° .. °°
80 + ° o
L L4
70 A
* Library ® Test Source
50 60 70 80 90 100

Reference Illuminant =Test Source o
Fidelity Index, R¢
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Test results for: Sunlike 3000K

0 = | | L
54D
= P 2918 K
0.7 {f .‘ ‘ | 550 -
| Color point in the BBL
g N & Means real color as
AL ST R % the Sun
anf:‘ 2, U'va -
0.3 450 i P s 530
02 - Delta UV < 0.001
| T .| | NO color deviation
| x] 0.445 Auv: 0.0011
0.0 0.1 0.2 0.3 0.4 05 0.6 0.7
X CIE 1931 COLOR
Spectra

NO UV/Blue peak

NO Color distortion
NO Health disorder
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Test results for: Sunlike 3000K

CRI: 97.6 (R1-R8) TM30: 96.5

Sunlike offers the highest values in
all accepted Color Metrics in the
market (TM30, CRI, CQS)
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Test results for: Soraa bulb 2700K

oc Color point in the BBL
- o

os |\ %
yos : - - Means real color as

- the Sun

| Delta UV < 0.001
l o Delta UV: 0-00121 NO color deviation
%0 01 02 03 04 05 06 0.7
X CIE 1931 COLOR
' Spedtra

Big near UV peak

Color distortion
Health disorder
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Test results for: Soraa bulb 2700K

CRI: 93.8 (R1-R8) TM30: 89.3

R1 RZ R3 R4 R5 R6 R7 RE RS R1 R12 R13 R14 R15

CQS: 88.8

Low values in Blue and Cyan

Copyright © Seoul Semiconductor Co., Ltd. Company Confidential <53> www.seoulsemicon.com



Test results for: Lumileds Crispy color 3000K

0.8 [

) i L 3282 K : : :

(- . Big color distortion
oo 1 going to pinkish

yool CCT distortion —3000K
LB e to 3280K
sy
) E. | Delta UV very Big
TR , | xjoa perav:ioows | | > 0,01 means no real
%% 0'.1450“ 0.2 0.3 0.4 ; 05 );6.‘ 0.7 ) CO|OrS as Sun
X CIE 1931 COLOR

Big blue peak

Color distortion
Health disorder
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Test results for: Lumileds Crispy color 3000K

TM30: 91.3

CRI: 95.3 (R1-R8)
95 L]

JO
91 M

/ CQs: 69.5
91 a7
Low values in Blue and Cyan - B

Very low CQS (Color Quality Scale)
meaning this LED is prepared for high
CRI/TM30 metrics only, but not really
good for color reproduction based on
CQS
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Lighting Fixture cost

1.0 —
I— B A ssembly
09 ——
® Driver
0.8 — .
Reduction target ® Mechanical/Thermal
0.7 — ‘
2 Optics
0.6

mED Packages
0.5

e
o~

o
%

Relative Manufacturing Cost($)

© o o
S = N

2011 2013
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Thbl NOMHULW b, KaK BCe HAaYUHanNochb! v
Acrich 1,2 &3

=

10 15 20 25 30 35 40 t(ms)
Strong Product Weakness
6-30W 100% Flicker
Efficiency ~78%
PF 0.95
No E-Cap
<15% THD

Phase Cut or Analog dimming

Copyright © Seoul Semiconductor Co., Ltd. Company Confidential <58> www.seoulsemicon.com



New Technology — Acrich4 v.

Analysis  Utilities  Help

Output Flux

P1orms(C ) P2s-- e Pa--- P& min(C4) PEmaxc4) '
140,48 mA
v

Strong Product
Efficiency around 85%
PF 0.9

Flicker < 5%

Less LEDs used

Copyright © Seoul Semiconductor Co., Ltd. Company Confidential <59> www.seoulsemicon.com



Adding a low flicker model

Acrich 2 & Acrich 3
N Acrich 4.0

‘Qo &

Premium performance
Premium Cost

Acrich

v Acrich 3 is not
replaced by Acrich 4

* The world’s first AC-driven * 4-Step AC-driven Solution * Percent Flicker < 5%
LED light source Percent Flicker 30% |

AC Input

LED Off

AC Input

LED Off

AC Input

Copyright © Seoul Semiconductor Co., Ltd.

Company Confidential
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2 NCNONHEeHuA apanBepa

 NanoDriver
— Smallest size AC Module or Driver

— Simple to implement(Less R&D) smaller volume custom
modules

— Higher material cost than discrete

* MicroDriver
— Smallest Driver for use with a DC Module or COB
— Competitive cost for comparable separate driver

Copyright © Seoul Semiconductor Co., Ltd. Company Confidential <62> www.seoulsemicon.com



NanoDriver Models

Flux [Im]
In. Min. Max.
SMJR-N-1-16 | 120 8 16 700 1,600
SMJR-N-1-24 | 120 12 24 1,200 2,400
SMJR-N-2-16 | 230 10 16 900 1,600
SMJR-N-2-24 | 230 12 24 1,200 2,400

Copyright © Seoul Semiconductor Co., Ltd.

Company Confidential
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NanoDriver Schematic

—.

F1 Nano Driver \ Led
—0 L LED1 i String 1
N
AC M1 §Zx
Input LED2
N Vs
LED3 ™ Led
RL R R2  CP CN §Z§ String 2
c1
—
R1 R2

KEEP |1 °’
SIMPLE
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MicroDriver Models

& /)

\p; N
Fixture Driver Model Number
Output  cyrrent %UtpUt _ _
(A) QUED 120V input 230V input
(Lumens reference)
900 88mA 9.5W SMJR-M-120-9 SMJR-M-230-9

1200 106mA 11.5W SMJR-M-120-11 SMJR-M-230-11

1500 144mA 15.5W SMJR-M-120-14 SMJR-M-230-14

2000 190mA 20.5W SMJR-M-120-19 SMJR-M-230-19

2400 227TmA 24.5W SMJR-M-120-23 SMJR-M-230-23
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MicroDriver Schematic

32)}‘
Micro Driver - Led

—L LED1 i String 1

: 2
Input LED2
—IN N
LED3 1 Led
String 2

<
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NANODRIVER

Comparisons with existing products
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Comparison with company T*

.

-H.
BAE
Yo

1] &l
o, A e

Electrical Optical Characteristics (Tj=25°C)

Fixture Module Fixture Module

Size

Flux[Im]
CRI
CCT

Im/W

Power[W] 375
Current[mA] 167.5 116
PF 0.9716 091
THD[%] 12.51 47
TRIAC Non- Dimming

Operating
Trailing Non-Dimming

% Flicker 0.37% <10%
driver - $6.281 - $2.98
Cost LED(2525) - $ 1.6(20ea) - $ 1.045(55ea)
Total - $7.88 -

Copyright © Seoul Semiconductor Co., Ltd. Company Confidential www.seoulsemicon.com



Comparison with company O*

“"n“‘\\

Size
Flux[Im]
CRI
CCT
Im/W
Power[W]
Current[mA]
PF
TRIAC

Operating

Trailing
% Flicker
driver
Cost LED(COB)
Total

Module

Fixture

Module

14X14mm
869.1 956.0 864 960
80 80
4000
101.9 112.1 108
8.53
39.64
0.9352
Non-Dimming
Non Dimming
19.93
- $2.790 - $1.98
- $ 0.9(1ea) - $ 0.418 (22ea)
- $3.60- -

Copyright © Seoul Semiconductor Co.,
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Comparison wi

th company O*

Room to add
Dali, Zigbee, Zwave, Bluetooth,...

3 Q.
.

.
& AT \

O* 1800Im SSC NanoDriver 1200Im

62 Parts +COB 9 Parts +22 Y11 leds

78mm

1.5mm creepage

70mm

6mm creepage

Non Dimmable Phase Cut dimmable

Copyright © Seoul Semiconductor Co., Ltd.
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Micro competitive comparison
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Competitor Driver O* - Size comparison

30mm T
I N x
L
| : I
B
, G =
[] _28 5 m
< L >
f 0
; /WWM N
/ v
v 95mm
= I >
OTe 9/220...240/700 PC OTe 10/220...240/700 PC, OTe 13/220...240/350 PC, OTe

18/220...240/500 PC, OTe 18/220...240/350 PC, OTe
25/220...240/700 PC

90mm 38mm 150mm
L1
L _

L2

—
L3

Copyright © Seoul Semiconductor Co., Ltd. Company Confidential <72> www.seoulsemicon.com



MicroDriver Market Conclusion

e Strongest Points:

1. Smallest size
2. Low Flicker é

3. Low Inrush

« Micro driver weak points

* Pricing very competitive

Copyright © Seoul Semiconductor Co., Ltd. Company Confidential www.seoulsemicon.com



Target Applications for Micro driver

« The worlds thinnest and smallest driver
 Residential

* Fixtures
Down Lights
Flush mount
Sconce
Spot & Track T
Light Panels & | .o

a kWb PE
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[locuuTaem, yBakaemble KpPoOTbl!

SSC LED CALCULATION TOOL

LED 1
LED Product £3-56300 -
E3-5TWBQ14D
LED BIN lumens u7 -
min.Im 36.9 MAX.Im  39.4
LED Vf bins Y1 -
min. VF 27 MAX.VF 2.8
Tj of your system 55
MAX.Tj 125
Currentin mA 55
MAX. mA 200
Im min 34.6 Im MAX 36.9
v min. 2.65 VFMAY 275

Imfw min ~ 193.6 Imjfwe MAX  214.2

LED 2
LED Product Z5M2 -
SZ5-M2-Wx-Cx
LED BIM lumens W5 -
min.Im 299 MAX.m 313
LED ¥f bins G -
min. VF 275 MAX.VF 3
Tj of your system 35
MAX. Tj 145
Current in mA 700
MAX. mA 1500
Im min 299.4 Im MAX 313.4
VE min, 275 VFMAX 3.00

I,

Type

LED 3

Wicop Y50 -

SZ8-Y50-WN-CX-XX

LED Product

€5 ) SEOUL SEMICONDUCTOR

LED BIM lumens H -
min.im 1290 MAX.Im 1419
LED Vf bins F -
min. VF 10.5 MAX.VF 10.8
Tj of your system as
MAX. Tj 145
Currentin ma 700
MAX. mA 1500

Im min 1275.2 Im Max 1402.7

VE min. 10.50 W MAK 10.80

Target property

Item Value

E Min. 80 Standard

Flux 1,000 Im

Notice:

REV10 . done by MIN

Results to Excel

Y MJIT COB Selecting Tool

Rev 1.5

Item Value
Tj 85 °C

This document is provided for informational purposes only and is not a warranty or a specification. For product specifications, please

idential
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Size LES cCcT CRI If vf Flux Pd Efficacy Tj
Model Part Number ) .

[mm] [mm] | Bincode Min. [mA] [v] [Im] [W] [Im/w] [°C]
MJT COB SAWS0661A [13.5x13.5x1.45 6.0 E 80 200 35.3 1,004 7.1 142.3 85.0
MIT COB SAWS81062A |13.5x13.5x1.45 9.8 E 80 179 33.0 1,002 5.9 169.5 85.0
MIT COB SAWS81063A |13.5x13.5x1.45 9.8 E 80 179 32.3 1,002 5.8 1733 85.0
MJT COB SAWS1564A |19.0x19.0x1.45| 145 E 80 167 31.8 1,001 5.3 188.3 85.0
MIT COB SAWS81565A |19.0x19.0x1.45 14.5 E 80 167 31.6 1,002 5.3 189.8 85.0
MIT COB SAWS81566A [19.0x19.0x1.45 14.5 E 80 180 31.5 1,073 5.7 188.9 85.0
MJT COB SAWS2296A |28.0x28.0x1.45| 22.0 E 80 148 47.1 1,382 7.0 198.4 85.0
MIT COB SAWS82298A |28.0x28.0x1.45 22.0 E 80 220 a7.2 1,958 10.4 188.6 85.0
MIT COB SAW822AAA |28.0x28.0x1.45 22.0 E 80 300 52.6 2,926 15.8 185.5 85.0
MJT COB SAWS33EAA |38.0x38.0x1.45| 32.8 E 80 300 73.6 4,211 22.1 190.7 85.0
MIT COB SAWB833GCA |38.0x38.0x1.45 32.8 E 80 370 84.2 5771 31.1 185.3 85.0
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