Y/
=3

QS RESEARCH
2021 Display& Inkjet 7| S

Senior Analyst
Tetsuo Urabe

Chief Analyst
Dr. Choong Hoon YI



1.

=

Inkjet Printing 7|§ ................................................................................
1.1 Printing 7|2 27

1.2 Inkjet Printing 7| &2 2&%

1.3 Thermal Inkjet Printer

1.4 Piezo Inkjet Printer

1.5 Piezo Inkjet Head
1.6 Inkjet Printing2| Display0f2| &

Olo

PHNEEA EI@CLIOMICS  sresesesesssrrmmmsssssssssssssssssssssssssssassssssssssssssmsssssssssssssssses
2.1 Printed Electronics&t

2.2 Printed Electronics| S& 0

2.3 Printed Electronics i =

2.4 Printed Electronics2| Inkjet process

2.5 Printed Electronics®| S8 C|HIO|A

2021 Display& Inkjet 7|

40

3. Solution Process QLED e erreermmmmieiiiiiiiiiiiiiiinnn 49

3.1 Solution Process 7 &

3.2 Solution Process2 =

3.3 Solution Process OLEDZ Inkjet & H|

3.4 Solution Process OLED Process & Device 7H'%
3.5 Solution Process OLED Display 7H2

Quantum DotQ] Display S B 94
4.1 Quantum DotO| 2t

4.2 Display0l 201X Quantum Dot2| 2[X]|

4.3 M =t Quantum Dot

4.4 L& Quantum Dot

BFES 7| THEE s 106
1 Electro Hydrodynamic ( EHD ) Printing

2 2078 E Inkjet : XTPL

5.3 Organic Vapor Jet Printing (OVJP)

5.
5.

© 2021 UBI Research. All rights reserved.



1. Inkjet Printing 7|&

1.2 Inkjet Printing 7| &2| =&
# Continuous¥
= Non-Contact Printing®lA] CHEZX Q! Inkjet Printing2 Continuous&@ 1t On Demand@ 2 2 2 E L}
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gfoff E= EICEH O 0|2o] EfO|W0= YA+ HHEE 43 2B L2 EEL0 43 &30 2/+=LCt,
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Continuous type _
ink drop printing
ultrasonic  deflection of surface
Inkjet Technology head electrode ° ® ¢
- >. ® 00 . *® Gutter
(ink collect port)
Continuous On Demand T l
—— -
— pump —_— Ink
. / tank
Ref. Wikipedia
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1. Inkjet Printing 7|&

1.4 Piezo Inkjet Printer
# Piezo Inkjet Printer2| Ink EZ H|0f
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Piezo ¥4l Inkjet head= nozzle OICt EZ 0| O|25A| Xt0|7t QUL 0| & EF3}
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2) Nozzle Mixing
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2. Printed Electronics

2.2 Printed Electronics®| £ 0

- Printing process& H|O|AZ 3} Flexible Electronics= 2010 A 0] 7HEo| M/ g7|E SHof, Of2fet 22 RF ID Tag& ili 2EY
2EY EMM 5, ChYet 2| 2.0IHO| A7 JHEE|RACE O = B= A Printing2 2 XM Xot= 0] ofL 2t 4= N2| 2 SiICE
Printing Z0| & gtst 228t Printing2 E X &tSk= FHE(Flexible Hybrid Electronics)?t =& 7t E| ULt

128 bit Organic RFID Transponder chip 13.56MHz RFID tag THInFILrT?'%

A2EB WFID OF WO
BAMAGANLeS,

Pentacene [ClocK generator |—
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—k rior H 8:1 MUX I output regnslerl
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: g:?«;?g(':: g Manchester
e 10100100 A4 encoding
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> 01111100 7C D Q
: 10000110 86 cixis

| | 16bitine 3], e b > out

seled : 10100100 z

> 01110000 70
| e o
=t 7| Photo sensor

Holst Center, ISSCC 2009 '

o =2,
At&5H
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2. Printed Electronics

2.5 Printed Electronics?| S8 C|HIO|A
7 TFT
- JAPERA(Japan Advanced Printed Electronics Research Association)= 20155 Inkjet PrintingS ZZM A LEZ X310, MHE QM
T2 MAZ MESHTFT arrayS 7H2giCt

- TFTO X & =10 =A| =l Bottom Gate/Bottom contact TEZE /7| BL=X| 52 Inkjet2 &-JSHCL Gate I Source Drain =2 Offset
PrlntlngOE Gate Insulator= Slit Die Coating2 2 H-d3UCt A-dE TFT O 0|F =20 LtEFLHRUCE 7|Ee| HE2 30um F7H 2| 300 x
400mmO| 1 Y == 85ppiO|Ct,

- TFT §42 =30 LIELRACE B 0|8 =& 0.3cm2/V-s, Bt On PHFE 5pA, HU BE2 0 < 10%RALH

a8
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1OE05 fommmm e

Pixel Electrode

Insulator —
Organic Semiconductor —

1.0E-06

1.0E-07

1.0E-08

Source Electrode— |

Drain Electrode "':_/’/
Gate Electrode | Plastic Film

T

T
Gate Insulator Via

1d (A)

1.0E-09

1.0E-10

1.0E-11

1.0E-12

1.0E-13

Source Bus Line | Gate Bus Line e T w0 o
Organic Semiconductor Drain Pad vg(v)

* Shinichi Nishi, Journal of the Japanese Society of Photography, 2015, Vol. 78, No. 2, 66-69

2021 Display-g Inkjet 7| © 2021 UBI Research. All rights reserved.



3. Solution Process OLED

3.1 Solution process OLED 7H &
# Solution process OLED2| 2

- Solution processOfl 2|gt Active matrix OLED2| Z2MA S &S Oteff 0| LIEFLHRACE 2t @SIHX(Q] TFT 38 T&S &

PDL(Pixel Defining Layen)Ofl 2|8 BankE &-‘d3stil, 1 Bank LHOf| InkjetOfl 2ls & IHEE QIASICH O & ARSI 4AFS AQoHt
LESH OLED &4t 7020 FYUS +ES0|L 2EE5 5 252 77150 HS5E FX0|EZ, Inkjetdt A& T2 M A= 0] 28 A TICH

Inkjet printing process

Bank ’_l—I: '
H Pixel electrode H
passivation, | & soluble emitting material
Source ... Draip..” ;

Interlayer
r Gate

Stepl Bank Pixel ele

p

substrate substrate

Formation of TFT | 1. Drop placement by ink-jet

Solvent vaporization

o = o - -
Pixel lertmdp Pixel ele|
3

substrate substrate

3. Drying | 2. Ink drops spread and merge |

Source: UBI Research DB
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3. Solution Process OLED

3.4 Solution Process OLED Process & Device 7%

# Interlayer mixing

« Interlayer mixing0| YOLt= AH TS| X[t F{2[0e] AT Pl 2[X|te| AE Kyung Hee Univ.7t Z=AFSELD IDW20200] A
HHCEH

O

‘de| APPG087= ot LCIHIO|A BE

.  ZEO| HTL HBL ETL, EILT}, EMLS| SAEQHS MX} ££M0| TPBIE ot C|HIO|A AQ, HE #
E YME|JOBZ Interlayer mixing

HZHCEH 7| M HTLIF EMLE Solution Process2 @M E| 1 HBL, ETL, Cathodes Xl& %o
2 13F 20| HTLZ} EMLS| H HO|A L ofLtC},

- O] & TX[e| EQEE H|uW o A0| 38 20[Cf. HX| A= TA[ BO| H|SH =2 EQEE LIEtHCE 0|22 =10 =A| & Hief 20| =AEQ9)
Xtofof et MRt Sl MEY S| /X7t of 35t CIHO|A Bl B2 AT HFHO| Z=SHA Interlayer mixing2| ?IX7F &[0
HZ|7] ME0 54 XNot7t Lot =, interfacial mixing0| ZE5IEEE MWAY SHO| XS HES dALLEMN 59 E=tot
YR ECh= AS LHEFACH

Solution | evaporation Solution |evaporation
a9l , ol e, 10
H —-@-Device A
-@-Device B
8 .“.—t\
= u *—
= o, TT—e
w
a 4
(1]
2
n 1 1 1 1 1
0 5k 10k 15k 20k 25k 30k

Luminance (cd/m?)

wet interface wet interface * The NaLe et. al. IDW2020 Digest OLED 1-4 p.371
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3. Solution Process OLED

3.4 Solution Process OLED Process & Device 7%
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4. Quantum Dot2| Display &

4.3 M HZ Quantum Dot

# Inkjet& QD Ink

M 32 QDE Inkjet2 2 QU25H7| 2t YT E DIC2 Nanosys?t && 7HESH IDW20172 EI03HC}
29e | QDE 7H%! LCDO|Ct. Backlight?| & 0|8 288 &0 X AH| ™

718 X+ Blue?| Backlight &2 7HX|H CF CHA =o} oftCh 1d2[2 0
Alo o)

HfAl2 QD OLEDLt Micro LEDO| ACHE HEE 5= & 7|EO|E|'
QDE TEt M et 43 4 57| {8 s E(15~50%)2 ot1l, Atgte 2 M Hots 2 ZXAF|7] 3 TiO,& 5~20% =&t
UCL EX T A= AAHSQI UV Q3HE BE HAEMLE Inkjet Head= DlmatIX—| AE AHEUCH

- % 13} Z0| Black Matrix Bank (0| 2um) 2t0]| Inkjet2 Greenlit Red°| QDE QI443t1, Blue sub pixel2 X{2X| LULCH ==
42ppiO|Ct. Greenlt Red2| QDE QI2f- 3t = MHO HHEFO| Yellow?| &2 H-dst QDE S F1tSh= Blue 2 HAH UL
O] QD plateE Blue Backlight0l 8%t Zi0| & 2, & 30|C},

R
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T
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Ref. Ravi Tangirala et. al. IDW 2017 Digest MEET 4-2 p.1330
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