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LED Self-Emitting Technology Development Trend AN
Micro LED

Fine pitch

Full color, low PPI
Single color, low PPI

[ﬁamﬁ&smsl

BEilEEES , Mini&Micro

2013, /JVElEEs
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Core of LED Display Miniaturization ——Mlini/Micro LED Chip A

| EDE & S BB A >——Mini/Micro LEDI A

. Monitoring Convention .
AVAY Phone  Computer TV Meeting room Center 9 center Cinema

0.01 0.1 0.5 1 2 3 5 10 20
Resolution limit ( mm) 0.003 0.03 0.146 0.291 0582 0873 1455 291 5.82

Chip Size (d m) <80 80-300 >300

Micro LED Mini LED Fine pitch LED
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Wide Range of Resolution Provided by Mini/Micro LED Display A
Mini/Micro LEDRREBHEERR IO HE e

FHR 2K 4K 8K
1920*1080 2560*1440 3840*2160 7680*4320
Fine-Pitch LED 217-96 inch 290-128 inch 434-191 inch 668-382 inch
Mini LED 96-21.7 inch 128-28.9 inch
Micro LED <21.7 inch <28.9 inch <43.5inch <86.7 inch
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TV Display Technology Development Trend A

TR EES e semrren

> TVRAIEARY., BEeo¥ER. BEEeE,. HDR, BENMETEL AR
> LCDFIOLEDRIRAS BRI BIERR , RYAFTL00T B AR _EFt

LCD Market dominator q

v o

: — 2012 Sony
o p OLED rising star Micro LEDEJSS inch TV
1997 commercialization, = ! ', i i
2007 out of market N 0 QLH) 1st Meeting of LED display and TV

CRT
1939 Colorization 1950
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Collision and Fusion Between TV and LED Self-Emitting Display .

FIANALED B S B R AR S50 R i
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> LEDERAVMA AT LUEAMESR TV B~k AR 10052 -300% T Z [AN=H

Micro LED Signage

2016 IFC 2018 CES | 2018 ISE
2012 Sony Micro LED 55 inch TV Sony 175 inch Micro LED TV Samsung 146 inch Mini LED TV LG 176 inch Mini LED TV
970 cm x 270 cm
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Market Value and Volume for Mini LED Display AN

Mini LED SRR AAME R I AT

M USD Mini LED Market Value _Kpcs Mini LED Market Volume
(4 inch Wafer)
1400 14000
1200 12000
1000 10000
800 8000
600 — 6000 r —
400 I— — B 4000 + ——
200 — B B B 2000 I— ——
|| —
v 2017 2018 2019 2020 2021 2022 2023 2024 2025 Y 2017 2018 2019 2020 2021 2022 2023 2024 2025
H | arge Display 61 101 182 246 295 332 299 u | arge Display 405 675 1,351 2,026 2,701 3,377 3,377
= Mobile Display 186 112 50 45 41 37 = Mobile Display 1,241 828 414 414 414 414
VR Display = VR Display
B Automotive Display 4 11 16 29 39 46 m Automotive Display 26 79 131 262 393 524
m\Wearable Device = Wearable Device
Digital Display 78 116 291 419 565 678 763 686 Digital Display 388 775 1938 3,100 | 4,650 6200 7,750 | 7,750
BZER : Ledinside EZFE3E : Ledinside

4 Mini LEDETRSNATEM , F , FHER , #FE= (B S587F) , k2025517
1&7910.7{237T it INE R B1X2I4T H'1005/ 8.
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BLU Application: Another Driving Force for Commercialization of Mini LEDs

BN : Mini LEDPMYI S —EEHF

>  CD&I/M
> #EE (<4mm) FHMNAEKEEE (<1mm)
> BRRAEX (JIK-J11K)
> HDRBRIREF
> BANMEFOLED
Chasing the human vision system 3 |
. e e SDR

0.05-100 cd/m

Human Dynamic Range - What Viewer Sees HDR

— 0.0005-10,000 cd/m?

Mini LEDRF5 &S ¢a LA Local Dimming , {&4tA9Global Dimming (A= EEE),
Local DimminghAUB#SXILLE S, B3R A LAEROLEDARESE
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Massive Market Waiting for Mini LED BLU Applications

Mini LEDEYmimiE OB X

> 2023%F, FRHIRMAMini LEDEXMNTVEIRHESAEI82(ZEE , HEHR20%RIRALLFIEMIni LEDSH.

Mini LED TVESiRFRHAThIZHIE

Unit : BF &
6 _

5 -

4 -

2 - 1.45

=
1

5.58

20204
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Mini LED TViSHRIRHEETE({E
Unit : BPRES®
10000 -
8194.57
8000 -
6676.75
6000 - 5162.52

4000 | 36436

2000 -

2020£F 2021¢F 2022¢F 2023
HIES |IBEENEH
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Advantages of Flip-Chip Mini RGB LED Chips AN

Mini LEDE7 — f82<RGB el
L Mini LED SRR AR o8 o7

0. EANAIECOBEEE | BT ISR R AR = - e
3. PLOLATHIERERIF , Vini ROBEEBEGGIEER

BT R TER TR A LR RS
RSN | [FEEE | REesEnhEviEElt

SEFRIRE—HE , BRSO HIYS | RELES  AEECE , BRFNINAEIYSIMN

TRt (RE) , HPE  BHSHIERSAARIEE TR | SIS MRA5HE

PRI AEREIREREERR , FRIEEZSNTELER  RKEe8E
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Metal Migration Risk Reduction by Flip-Chip Mini RGB LED Chips J‘A
M i ni LE DEJ'B%{EE@JEE*%MB@ HC SEMITEK

IE%U“E—'_IEEH ﬁ%ﬁﬁfg“ﬂ@ 1E3E 4*6mil Mini 4*6mil

60 um

150um 150um

IEGAEIRIAIRYERIZE) , AU FRYETSEEIRAELES

ERIBRERM :
(1) LEDIS & /ERERIRM7KS
(2) SNEFBIRZ AR B REER

> FFRIE AR, Mini LED BB ARIESIRERE , IERAFREKRIE
EI7EE , LA ESEIRX ;

> BARIIEGIRIEEEIEINT BB FHRIEREBRAIEE | iR

IMESINEEE :
(1) 5=&%
(2) IMZFEBERN

(3) KSREBHRT?

T R ERIRTIE]

> Mini LEDIERREBRBIER D I LGKEENESERE  HiIRE
MesazliR&H , BAE BB TRt I AR FIER AER
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Key Technologies for R/G/B Mini LEDs

R/G/B Mini LEDCHEL

RARFR

XERAL SUENE  SRENERSHEE
> DBR+ITOSHWEIRE , [REAGTHIIN
> ALMIDBREBRIRIHNIIATE | EBRETE

KA. S ERIFIE
> MHRRRES  BRIEIRESERSE
> BSMEERP | IBEIEBRE
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Key Technologies for R/G/B Mini LEDs AN

R/G/B Mini LEDS& i ARl

KERAS: EREEENTEES
> RALRIPVEIMesalin T, , GHFiE
> SRESVEELS, TRMS

KRR 4: SrIFEMERER
> UCRIEBIREEMSRITIRTZ | [ERHEMREIT &
> REENA  ENERERIEREIEINRFRE
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Key Technologies for R/G/B Mini LEDs

R/G/B Mini LEDRBERATEMS TR
SRR
> Mura N Z2COBHEFNFENNERFRS |

> HNETRERTEREA | JLABRRCOBRRER FRIMuraziii
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Key Technologies for R/G/B Mini LEDs A

R/G/B Mini LEDJ&E M ARl
RREIROhRAR

> BECHRRIRFER) , RIBESEENIRSREFRAAFIRE |
> BNRTLUSHBIKERSIEEMIni LED B REER L.

11 b
isisdiiiii

BGARAEICHERCEI Z(EM ; Min-LEDRIR4EEI—ERRER , RBEHREXIRFEHEEE | IRARZE
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Special Technologies for Red Mini LEDs J‘A
2156Mini LEDSSFE AR e s

e EENREREEMESERA
> SRARFNEBIIEEGIZ
> BETZARME  TLURZEENEECH T2 EEMZREIRIE

£T5¢Mini LEDRY R REEEFIEE A
' =R
GasFﬂE

GaAs i

GaAs e
IMEER

IR

IMER

B

BEEAHE
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Special Technologies for Red Mini LEDs

2I5¢Mini LEDSSEIRARFF R

Wl Wi

nozzle

1
blue tape

Tt

needle

X R 204, BRI R R ke 2 ]
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Special Technologies for BLU Mini LEDs AN

E#Mini LEDRERARS A

KR HE™mRT
> MIREEERIT AR SRS  BEZLIEEiRit

K'X'X'XY

Al203 Substrate

Py
EHSH DBER Reflector
N-pad P-pad
s Al203 Substrate
HAEBECH
DBR Reflector
N-pad P-pad
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Strict Quality Control on Mini LEDs J’A

£eMini LEDFASAOR RE
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Roadmap for Mini LED Mass Production

EIMini LEDE=IREE]

2018 2019
| I I [ I I [ I
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
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HC SemiTek Mini RGB LED Chip Series »\

HoAlIMini RGB i H =R

u (mil ) (um) (mA) gl
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HC SemiTek Mini BLU LED Chip Series A
HelMini BLU 75 H =525
g8 ochem  Sony  BRER BORE emme capum)
BFO509 S 59 85 5 Au 90
BFO412 15 4x12 85 5 Au 100
BFO812 5 8x12 85 10 Au 100
BF0620 5 6x20 130 10 Au 150

HC SemiTek Confidential
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Applications for Mini LED chip ’l;\
Mini LEDH’\J}QZ%j.‘j_7§< HC SEMITEK

RIRG%E % 5%

(1) RMETZFHREHRA

1 —pn
(2) 1250, SIEEEE (1) Bt te—ie

; 2 ) 5= —i%
e (3) BEFHTSEMHA (2) ik
b A (3) BHYIHE—R
SEHK (5) ERE—R/ e '
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Application Case for Mini LED Self-Emitting Display (HC Chip Inside)

Mini RGB LED/Jw; FAsL/5

. edman
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Application Case for Mini LED Self-Emitting Display (HC Chip Inside) A
Mini RGB LED Ay L5 S

g Lextar

LUMENS
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Application Case for BLU Mini LED (HC Chip Inside)

Mini BLU LED/w; FAsC/A]

27" UHD
Mini-LED BLU

6.46" TED , HOR Di
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Bl 65" 8K AM RGB miniLED TV
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The Comparison Between Different LED Display Technologies

LEDRI B RHIAIIEL

AN} ERT 7 5 7 Nk 2
AEH R, B =AU
V) 25 7 it L

« Mini LED f8|2%RGB:t:
REARCSE L&,
Mini LED ¥)6ith
BRI T i

e Micro LEDH AiAbYE

TR, FE L
A&
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Technology
Display type
LED chip type
Chip size
Amount used

Transfer
technology

Pixel pitch

Cost

Maturity

Display quality

Fine Pitch
Self emitting
Planar chip

100-300 um

Depend on
resolution

Chip bonding

0.5- 5 mm

Medium

Mass production

Fine

Mini RGB

Self emitting

Flip chip

80— 300 um

Depend on resolution

Chip bonding/mass
transfer

0.1 -1 mm

Medium

Ready to go

Good

Mini BLU

Back lighting

Flip chip

80-300 um

Few K- tens K

Chip bonding/mass
transfer

N. A.

Low

Ready to go

Improving

Micro
Self emitting
TBD, FC, VC, 3D

< 80 um

Depend on
resolution

Mass transfer

0.001 - 0.01 mm

High

Under development

Best
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HC SemiTek Patent Portfolio of LED Chips for Next Generation Display A

A —R BT HERIAR R

> SNBSS H , BEESR , Mini/
" AR R Micro SR EEMBEF—RER
it /NEBifE REE EERS 7'6'( H‘ %%U

> MIMEER , SR, T2%
FEE , PYEn s, Wi
AJRERITFEAEES NG

> BrREFLOTEHRBEAO/H , 2
RBAEFI86M , SLAFEIERI11
(G5

> BrRFTERNERAsH , Hef
REATF37 , SERFEIEAILL
(&5
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