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LED chips

Flexibility very low high (but, needs barrier) high
Transparency ~20 % ~40% 80% or more

Reliability medium low high

Brightness medium medium high

Manufacturing Cost low medium expensive

Maturity high medium low

KIMM KOREA INSTITUTE OF
N MACHINERY & M AT E R A L S



M E} C|2S2|0] 7|= 7HE i3

Flat & Rigid Display

Curved & Deformable Display
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Bumped polymeric stamp

., T . -
=" > y - ol Reflow
K\’Q
Micro-LEDs Selective picking l
on donor substrate  with bumped stamp \
ol
(‘{% V(\(;} Transfer of
-p \ micro-LEDs
N
Electrical circuits Deposition of
on polymer substrate interconnection materials
(LEHE QI DT 22 AIR) Substrate cutting

KIVIM KCREAINSTITUTE OF (Kirigami meta structure)
I

MACHINERY & MATERIALS




Micro-LED H|E} C|AZEL|0] =2 84

EEEEERME
EEEEEN®RN
EREREEE®

e e
P EEE R
TRl
e
-
CHEER
ol .

S io s’ 90 0o
PSR
8 8 8 e s e
MO T R
U T TR
'Y e eiee
® .00 9 0 0 0 o

EEEEEEES

EEEEEEEE

EEEREEEEE 3mm
: Tl

5] | ]

FPCB 2|2 7| & A| % Micro-LED chip
KIMM KOREA INSTITUTE OF
MACHINERY & MATERIALS




KIMM

Automatic transfer machine for micro-LED
(transfer speed 0.06 m/min, 3x playing,
calibrated alignment)
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@ Rollable display

(3 Stretchable
display

@ Curved display

Rollable Display device

with fingerprint sensor
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SAMSUNG DISPLAY

= -
=| = 2tHIAZ]:100/(n+1)~ N oy e =
= o I O o o LU 3t 37| ~ 0 H| A& =i H
<) 33 37| 0~100% 100%(n R3] 31 ] |: 100~140% I Y 2tH
S| REA UHE 2EYA FoiY =2 HY FcH Y ByEEE Xt =sKte
2| oM ZACHI HeE | MY ADEIE ol A& c|aZz o, Q& C|AZ 0|
< ClAZ2 0l TH C|AZ 0] T TE
HSd 23 242 T LS H| I} Zero®! ZLOLEH| Tt 19 Akt 2Hgz
Xl HEF CIAZE2 0| HIEF C|AZ2 0| HIEF C|AZ2| 0| ClAZ8 0] A8 4

T —

0 >y of

1.1 94=(2026'A)

1.05 Y=(2026)

1.2 94=(2026'A)

KIMM

KOREA INSTITUTE OF
MACHINERY & MATERIALS

Ref: Display market, Markets and Markets (2021)




HNZE3Y THAE Supply chain 7+

o= 7| SIEL EEEEE]
Epi-growth MESA & chip Lift-off of LED
_s=esgsl eoe®
v =" AAA

/ ' 0‘0‘0‘0/ - HEE N

- = [AZg 0| BE
' ’

Transfer/Zd At/2| 1| Of

EEEERIE] REEE

EEEEEE]

2021.7.28(=) 2021 Tech Transfer Show




Supply chain 74 7| & (0l Al) W

LED Of|z] 7|: A{2H[O|A|A, CHEF O Z[AEF 5=
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E 71Y: A 2HIO|QA|A, SL HIO| YA CHTE Playnitride
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Micro-LED chip
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Development of manufacturing machines

Transfer

Micro-LED rework

D222 222722227/,

XYZ-
stage

am1

PCB

XYZ-
stage

cam2

CF

Xy-
stage

Z_

5 mm L/C BEEE

Cleaning

Vacuum chuck
XY-stage

0
Anti-vibration table

- Permanent bonding
- Chips are not physically touched during bonding
- No chip misalignment during bonding
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W abA| 1. XfsKF {1228 Micro-LED
C|AZEY 0] (HFH|: 102/H, 2018~2022)

: g : Requirement for car window displa
Killer application of Micro-LED d play
* Transparency: 70%

* Brightness: 2,000 nit

* Resistance to heat, humidity and UV
Window displays for automobile 9

e Biaxial curvature

A 4

Transparent display = LCD not suitable!!
Endurable under UV and high humidity
and temperature - OLED not suitable!!
Mechanically reliable/biaxial curvature
Light-weighted and energy efficient

"Market for car window display of 2022: 21 Billion dollars (IHS, 2017)"

e
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Windshield
Transparency 70%, 50~125 PP,
3600R/7500R

Sun roof
Tr 30%, 200 PPI, 4000R/3000R

Rear windshield Side window
Tr 70%, 50~125 PPI, 3100R/4900R Tr 30%, 50~200 PPI, 30000R/1500R

KS L 2007, JIS R 3211/3212, ANSI Z 26.1, ECE R 43 01
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Some available transfer technologies (1/2)

Electrostatic
adhesion

Electromagnetic

adhesion

Target substrate

* Adhesion control
by electrostatic
force

* Selective transfer

* Reliability issue in

pick-up array
e Difficulty in large
area

KIMM KOREA INSTITUTE OF

MACHINERY & MATERIALS

Electromagnetic
Pick-Up array
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Target substrate

Rate dependent
adhesion

Pressure dependent

adhesion (KIMM)

Visco-elastic
pick-up array

Target substrate

Transfer film

L

| Target su bstrate

Adhesion control
by electromagnetic
force

Selective transfer
Magnetic layer
Difficulty in large
area and small
LEDs

Adhesion control
by van der Waals
force

Selective transfer
Reliability issue in
pick-up array
Interconnection
issue

Adhesion control
by mechanical
deformation
Selective transfer
Disposable transfer
film

Simultaneous
transfer and
interconnection

26




Some available transfer technologies (2/2)

Fluidic self- Magnetic Laser assisted
assembly assembly arrangement

Release layer
Graphite Mini-LED /

Fluid flow e v ! : |
— o

— Sy —

Target substrate Magnet module Target substrate
* Fluidic drag force * Diamagnetic * Mechanical
* Fast and cost- levitation force deformation by laser
effective assembly * Fast and cost- » Selective transfer
* Binning & sorting effective * High throughput
e Special geometry arrangement of LED using multi-beam
of mini-LED * Binning & sorting * Pressing and heating
* Special geometry for for interconnection
mini-LED
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MACHINERY & M AT E RI A L S
o

27



Comparison between
mini- and micro-LED

Mini-LED structure

Micro-LED structure

Metal contact:

LED epi
Sapphire
substrate

Metal contact:
LED epi

Thickness Thick (about 100 pm)

Bending stiffness Large

Lateral size

Repair Easy, but slow

[ dololqlg[edle)y %  Solder paste printing

___________________________________________________________________________________

_______________________________________

____________________________________________

_______________________________________

____________________________________________

___________________________________________________________________________________

Less than 10pum

Thin film deposition

e
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What is the transfer process?

[

Micro-LED

Stamp

m Carrier film (or wafer)

5N

‘\
Stamp

Carrier film (or wafer)

-

Stamp

m Target substrate

)
)

Stamp

Target substrate

—
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Competition in adhesion

Picking process : W2 >> W1

Placing process : W3 >> W2

Stamp W2 (Stamp-LED)

W1 (Film-LED)

Carrier film (or wafer)

Stamp

W3 (Target-LED)

Target substrate \

* Easy transfer : W1 << W2 << W3

* Difficult transfer : W3 << W1 - W2 should be controllable

How to control the adhesion?
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