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® Introduction
® KIMM Research Activities — fs laser processing
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- Display, | OREAINGTITUTE OF MACHINERY & MATERALS A MYV
- AMOLE

® Present status and trend oi laser appucation for display,
AMOLED in KOREA

- fs Laser processing for AMPLED panels

- fs Laser processing for AMOLED components
- fs Laser processing for advanced products (VR, Wearable devices,
Smart Watch, Tablet PC)

® Future Trends
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g M E, and Ph D degrees in electronics form Keio University Japan in 1997 and 2000,
j} respectively, In 2000, he joined RIKEN (The institute of physical and chemical research,
: Japan) and then he has worked on intemal processing and surface modification of trans-

H ea u, DB pa rtm e nt Of I_a e r 8 parent materials by using femtosecond lasers,
EI e Ctm n B Ba m AD D I i c ati 0 ﬂ, He also studied on micro-nano processing of hard materials like Diamond, Sapphire by

using ultrafast lasers, He moved to KIMM Korea in September, 2003, His cument interests
KI M M are development of advanced laser microprocessing techniques performing surface and
3-D microstructuring of transparent matenials for applications,
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| "e"‘mt"( co. Ltd., Germanu ]
[Jan, 21.2011]

KM SIS
. . ModelNo: JenLas D2.fs
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JenLas D2.fs Femtosecond laser
Pulse energy 40uJ @ 100kHz
Pulse duration 380fs
Repetition rate 100kHz
<fslaserin KIMM> Beam quality M2< 1.25
Average Qutput Power 4W
page 9 Wavelength 1027nm, 514nm

SHG, pulse control, Firstin World



DX & 2 (fs dlolA)
[ Raudiance co. Ltd., USA)
[Oct, 7.2011)

(Raveoianc: KIMM EBISJDIEYE

E JIH Ifglilﬁ th Light [Full Options]

= KOREA INSTITUTEOEMACHINERY & MATERIALS

Al fiber iemtosecond laser

-+ 4aydiance co. [USA]

ni:l elength 1552, 776, 388nm
se Width 700 fs Repetition
Rate 1Hz-400kHz [D}&1)
Energu 80 uJd / pulse,6 W

g Industrial All fiber fs Laser
Sl (01= Raydiance Co.]

<fslaserin KIMM> SHG, FHG, Pulse control, First in World



2xcg 29 (fs &0l K)
[ Amplitude systems. Ltd., France)
[ May.2012)
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<fslaserinKIMM> . SHG, THG, Pulse control



 ﬂijﬁ$J

'h
m_E_AlNSTlTJ E Of %CHINEF%‘( & MATERIALS

6W 190-10,000fs
1030,515, 343nm
IR/VIS/UV 1aser

6W 400fs, 1030nm IR l1aser



8W, 10ps, 355nm UV laser

o0W 300fs 1030nm IR laser
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Epoxies for Optical Samsung Venture Investment
Applications Samsung Ventures invests in Amplitude Laser Group Corp

@ MASTERBOND | 01 Dec 2015 RELATED STORIES
French maker of ultrafast solid-state lasers to develop solutions for global consumer electronics giant. i z
) W Amplitude Systémes sets up

a)j\] ultrafast lab in Paris

Ultrafast solid-state laser specialist Amplitude to snap up GSI's
Amplitude Laser Group has Continuum business
announced a financial partnership with
Samsung Venture Investment Corp
(SIVC), the venture capital arm of
Samsung Group. Terms of the
investment were not disclosed but Eric
Mottay, Amplitude's CEQ, told
oplics.org, "We expect this partnership
to further strengthen the growth nfthe

Biomedical photonics eyes
huge potential markets

French ministers visit booming
Amplitude Systemes

BUSINESS & FINANCE




New 2 Samsung invests in Ravdlancebaser Co.,f(l
(August. 14, 2012)
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; Search
BusinessWire HOME SERVICES NEWS EDUCATION ABOUTUS earc
A Berkshire Hathaway Company
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HEZYATY
August 14, 2012 09:00 AM Eastern Daylight Time .
www.femto-kimm.kr
PETALUMA, Calif -(BUSINESS WIRE)-Raydiance, Inc., has completed a $20 million growth financing, led by Samsung
Venture Investment Corporation, the investment arm of consumer technology giant Samsung Group. Raydiance says the new

funds will be used to accelerate its consumer electronics efforts and to ramp up manufacturing to meet the demand for the
company’'s medical device, automotive, and other manufacturing customers.

" : ; . “The demand for smaller, smarter devices continues to grow,” said Jay
Raydiance offers innovative, , , . _

: _ ol Chong, investment director at Samsung Ventures. “Raydiance solutions
disruptive capabilities for have the potential to significantly improve existing manufacturing
manufacturing precise geometries in processes and to enable exciting new products. We are investing in
any material made possible by our Raydiance to ensure that these solutions are available for a variety of

femtosecond laser light source” PGSR AT SppRe R
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Conventional New concept
(Polumer+Drug) (Drug)

No Polymer Use, Hot Issue
Korea National Project
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Precise nano- maChII'III'IQ Wltl'l d fBlﬂtDSECOﬂﬂ Iaser

(Hole and Surface Relief structure)

Precise nano-mac hmm;,uu jiu]ﬁ;h%ﬁlglﬁ %ﬂ % ?ﬁ %
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fs internal processing of flexible transparent materials

Optics Communications
Optics Communications 282 (2009) 1317—1321

Femtosecond laseF®fbedded gating iz J&s lates
Sung-Hak Cho- KleM E}t%‘ﬂ iﬁ[

Nanc: Machining Laberard T KOREAINS TITUTE OF MACHINERY & MATEF!IALS

hI.u';shm'rrm'ru of Elects
© Muaterials Research o i
Auburn University, Aubum, AL 36849, USA

I || E e i I-I Cﬂ
=’- b-
Fig. 2. S5ample views of planar flexible PDMS plates: (a) side view and (b) front view.
First report of flexible materials in the world
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Fig. 7. Diffraction images of the fabncated embedded diffraction grating with

KIMM EI.EJ Imla "'_I‘,. refractive index modification using (4) white light source and (b) He-Ne laser

SOALA BETITUTE OF MACHMINY L WATERWL S (633 nm).
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vww.féormaldeir &ancer cell measurement

Higoqere HIB GFF trasfection

using cells natural Physical Properties

1. Patent : SH CHO, UV E-AHEEE 0128 MO FEME,
MIZE IEEK & S8 [10-2007-0006232]
2. Sung-Hak Cho. " Measurement of UV absorption of single living cell for
cell manipulation using NIR femtosecond laser" Applied Surface Science 255,
4974-4978 (2009)
3. Sung-Hak Cho. "in situ Observation of photo-bleaching in human single
living cell excited by a NIR femtosecond laser " Applied Surface Science. 254.
3370-3375 (2008)

page 21

Cancer ¢ell (MDA-MB-2M ) KIMH E*EJ Ijla:ﬁ (6? lIEdiCHl S'E hﬂﬂl

RO A, RS TITUTE OF WACHRT A & WMATERSALS



Chptecs and Lasers an Emgineering B4 [ M6) 44-50

Contents lists available at Sciencelirect

Optics and Lasers in Engineering

40nm Machining

¥
ELSEVIER journal homapage: www.elsovier.com/locate/optlaseng
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- won-5uk Choi™", Kwang-Ryul Kim®,

Hoon-Young Kim™", Ji-Wook Yoo
Sung-Hak Cho™"*

* Namo Machindeg Laboratory, Korea Instifufe of Mochinery & Material [KIMM], 171 Ja e, ﬂm X L] A’ I
"I'.Jepu-rrrxl:r of Nano-Mechotroaics, Kereo Uinfwrsily of Sciene & Fechnodogy (UST), 1d E
* Departmnt of Electronic and Electrical Emginerring, SumgKyunKwan Universidy, 300 Ch h i ) th

ARTICLE INFOQ AHSTRA.C‘I'www'femto-kimmlkr

OLEN, April. 12.2016

Articke hispary: We reported on the ablation depah control with a resalution of 40 nm on indivm tin axede (ITO) thin film
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KIMM'’s fs processing Network in KOREA
w o fngh;ﬁ.lé"[?lsrmv @ LGZHX} LG Display Co
&I sAMsUNGEeetonic cess Lab

KIMM st=711995E

Aﬂﬂual MeEtW KOREA INSTITUTE OF MF&CHINy MATEﬂnrﬂ_lal Meetlng

[Technical, 2times) {Tecnnical, 2times]

HEZdHALL4
WM. FERTGHRIwAN. kr
—~—— 710 patents
Femtosecond laser Process Lab of fs laser processing

X

C: zoxi01z3) s LTS B cearazmpe,

Ly Tt ool eubast s oy

iMTso0 IMT Co.  sEm23° SEMES Co. EO Technics co.
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® Introduction
® KIMM Research Activities — fs laser processing
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Devices
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- Display, SETA 1T Bt gl P | e g =
AMOLED ~— KOREA INSTITUTE OF MACHINERY & MATERIALS

® Present status and trenc o Liser avpuication for display,
AMOLED, Mobile pnone, Semnconducior in KOREA
- fs Laser Cleaning for Semiconductor
- LGP (Light Guide Panel) for LED TV

- Laser processing for AMOLED
- Laser processing for Other products

® Future Trends
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D LED LCD,
LED TV

LED mobile Phone

FrmsungdSAMSUNG Electronics Co.



SAMSUNG
SAMSUNG

.I k‘im Jajlﬁla;_j Sl Elcctronics Co

KOREA INSTITUTE OF MACHINERY & MATERIALS

Flaakis Tigulay

LG electronics

3D LED LCD,

LED TV LG display

@ LG Display
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SAMSUNG Electron. co
Smart phone Galaxy S
(2010.6.9)

KIMM SH=RD |21 P

KOREA INSTITUTE OF MACHINERY & MATERIALS

SUPER AMOLED
(AMOLED) employed
.._I E"M 50,000,000 sold in world




Iphone 4

Retina LCD WVRA
[ LG Display Co. Korea) super AMOLED
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® Present status and trend of laser application

KIMM SH=RD 1P

KOREA INSTITUTE OF MACHINERY & MATERIALS

!nusuu SAMSUNG DISPLA

AMOLED [s the next generation display
Samsung display (SDC) is single provider in the world



Intrdduction

Full HD AMOLED dlsplay

Tablet PC

Ex)
Galaxy TAB
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Samsung SDI
Samsung “AMOLED” Samsung “AMOLED 117

4.0 * Mobile phone TV 40 inch PMOLED

PMOLED UDC, Transparent highting

Sony ‘CLIE’ PDA LG “AMOLED
3.8” Full-color AMOLED TV* 15inch RIOE(Japan), OLED lighting GE, OLED Chandelier
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CCFL
OrLED

Lamp Reflector

Reflector Sheet

LCD AMOLED
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. ~ctive atrix rganic ignt- mitting iode



Manufacturing Cost (LCD-vs AMOLED)

Manufacturing Cost - One Full HD Display Panel (5 inch] for Smart Phone

LCD: 14.6 US Dollar

AMOLED : 14.1(m|mr JE"BFI% =T RX e

UTEQF WACEERY SJiPIERALS o oo Sm

Manufacturing Cost: oy ks
AMOLED< LCD % < E'_L

at 4 Quarter, 2016

AMOLED | =27}, LCDECH Y
www.femto-kimm &Ko epz oy}

7| At 10073 (0) A2 EE +34! =57

Turmm P(]mt f['[]m lC[] t[] AM[‘_EI] ADIEER SEY RIIYUCOI2S(AMOLED) IS MZEUII HELE ANEER AHENE
A(LCO) Ol ME |MLCH OLHC 0100 2} AMOLEDDL ADIEE Cl A0l MROIM LCO
B A U2 2012t 20| U2

NEBZMIIE HSE 249 S8 187 5214 BHO ACISE0| ZMSls AMOLEDS] HIER I 14.3
a2 Z237/9 LTPS LCD(14.6€2))2 MEZHIIET BorEC 3T
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Ref.HIS, ChosunBiz (April. 11, 2016)



New 1

Manufacturing Cost (LCD VS AMOLED)

Manufacturing Cost - One Full HD Display Panel (5 inch] for Smart Phone

LCD: 14.6 US Dnllar

AMOLED : 14. 1(m|:Mr JEBTI% S RX i

UTEQR MACHRERY SSS ALS 0 weatyBz omue
Manufacturmg Cost: meamg

AMOLED < LCD @ AMOLED &|Z &7}, LCDEC} &
WWWw. fE mto-ki '. OLEDZ CHH|E! 7}

at 4 Quarter, 2016

7|4} 1002} (0) A EE +34 =57

TUI’nIrIQ POIllt frﬂm I.CD tﬂ AM[‘.ED ADIEER SEY RIILICOI2S(AMOLED) IS MEIDI HES2 ADNEES AUTNE
H(LCO) O ME |M2CH SOHRCE 0100 (2 AMOLEDD ADIEE C]AB0| MEONM LCO
CHAIS L2 2012ks 30| U220

NEBZMIIE HSE 249 S8 187 5214 BHO ACISE0| ZMSls AMOLEDS] HIER I 14.3
a2 Z237/9 LTPS LCD(14.6€2))2 MEZHIIET BorEC 3T
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Ref.HIS, ChosunBiz (April. 11, 2016)
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(billion dollars)

(billion dollars)
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Display Bank (2011)

2015

Display Bank (2011)



Growup about 110% every year
AMOLED World Market Growth

{ USS Million ) { USS Billion )
32.000

- KIMwElEEIISI e

24,000

~— =  KORBA INSTITUTE| OF MACHINERY & MATERIALS
20,000 s
16,000 i
FA
12,000 a—

. ™ 15 |
8,000 |mm
4,000 5 l l
- =8 .

o - - - : . 3 : ; 0
2010 2002 2014F 2016F 2018F 2020F 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
» Forecast of rapid growth $2.4billion in 2015 to $30billion * Flexible display market growth in earnest since 2014
in 2020 * Prospect for steady growth of flexible display market

« Temtory expansion to large area display from small and
medium area display
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ELECTRONICS

.mjﬂllﬂ-_r'._i

— ROREATINSTITUTE OF MACHINERY & M
SAMSUNG DISPLAY

| rm G ELECTRONICS :

teé panel $700M/year (2013)
SAMSUNG DISPLAY :
Waste panel $300M/year (2013)

AMOLED ( Active Matrix Organic LED)
Discard in case of defectin AMOLED (Can not use thermal laser based nanosecond laser
No solution with non—thermal micromacliifing for repair mobile AMOLED panel
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—> otot 2 X [GLASS AND SEALING]

----.“--—-—___9 H Al A [OLED Layers]
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[LTPS TFT, Oxide TFT, Organic TFT]
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Source Gate Drain Encapsulation
Data voltage source on/off control output electrode

KIMM SI=J | AHSH 2"

KOREA INSTITUTE OF MACHINERY & MATERIALS _
S 1A N LA ETL L

.I.I.‘“E q%l_a:rl.hl

O
Insulator
pixel define
Active Layer (p—si) Buffer Layer Passivation layer
crstallization by laser protect diffusion planarization layer

of glass impurity
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Bottom-emitting OLED

Top-emitting OLED

Emission | Emission to TET side Emission to transparent cathode side
BRI '_ﬁg
._’.:FS;QBEA INSTITUTE|OF MACHINERY & MARSRIAL priveic
|| ‘
Structure | Transparent anode Eeﬂect Iye anode Cathode
Reflective cathode “ﬂ!ﬂ%ﬁﬂi = £parent cathode Ele“g’; e
Emission Layer | Emission Layer |
| Hole Transport Laver | | Hole Transport |
| Hole Injeckion Laver | Hagexnjection Layer
Anode Anode
Glsss mbaivete Glass substrate
Character | Simple structure and process Complicated structure and manufacturing
istics Low aperture ratio(<40%) High aperture ratio(40~70%)

Short lifetime and low resolution

page-s3

Long lifetime and high resolution
Wide color gamut




Non-thermal £S processing for AMOLED -

ns, ps laser fs laser

KiMM-S1 = 131 2 DB wom
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Galaxy S2 HD LTE Galaxy Note
316ppi 316ppi
Oct. 27. 2011 Nov.29. 2011
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Release dzic | Not yet. At 2012

AMOLED TV

Company SMD, LGD

Release date The second half of 2012
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Natural User Interface



White OLED + Color Filter, (No AMOLED}™ >,
Thickness: Amm, Weight: 7kg LG Electron., CES 2012 (2012. 1)



SAMSUNG Electron., CES 2012(2012.1)



[Laser Repairing] [Laser In-Glass Marking]



Slit size
L.D. time

Pulse energy (50 pJ) fixed
Objective lens : x 20 (NA: 0.28)
Wavelength : 776 nm

Laser delay time : 1000 Hs ~ 4000 ms

KIMM BI=2 IS e

2x1

4000 ms BC

3000 ms B

2000 ms gt}

1000 ms B
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<+ AMOLED/LCD electrode pattern repalrtest

>
— Metal electrode ablation test

_.‘—Ahl--._

VMM 2= ISP

~— KOREA INSTITUTE OF MACHINERY & MATERIALS
:nxmq AT E
SBATE |
opair target : electrode
.[meto—I%imm.kr — L FIRPSN UG - SR

Average power : 0.32 W
Pulse energy : 3.2 uJ
Repetition rate : 100 kHz
Laser delay time : 80 msec
Pulse width : 380 fs
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oo AMOLED/LCD electrode pattern repalrtest
»

: Pulse energy : 1.3 uJ
— Beam Shaping technology Pulse number control

SI=J | AITFAE =

KOREA INSTITUTE OF MACHINERY & MATERIALS

Pulse nmbef: 18 Pulse mrmt:er: 2 Pulse numbef 30
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% AMOLED MASK pattern test

0 pm {1iH|][1I£L'II]L‘III & q 9.6 pm displacement § - 16 pm displacement .h ‘
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[Dual Display] EDIDIEIEN [Paper Thin Display]
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1. We expect
within s years

2. SAMSUNG,

MM SHRI SIS

3. Strong infQk:® L 1t 2 EEo) AORER INSTITOTE O WACHINGF e VTERIALS
Big compan AVIDUN ; : Jmpanies-
National institutes —) mc. 15 tLuF“'IE’ dl C"mands

4. Some advanced products are single produced in the world.

5. Some item (sustem) World Leading
Korea Export to Japan, China, Taiwan

6. Self development of laser source

7. Strond Laser processing community in small 1aser processing
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[ N7me: David A. Belforte
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Position: Publisher & Editor-in-Chief
Division: Industrial Laser Solutions
Company: Penn Well Corp.

< |
»

Current market scale July. 2010.

KOREA Market of laser processing is 2qual to or bigger than that of JAPA
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