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Abstract: A plastic-compatible low-temperature metal deposition and patterning process is essential for the fabrication
of flexible electronics because they are usually built on a heat-sensitive flexible substrate, for example plastic, fabric,
paper, or metal foil. There is considerable interest in solution-processible metal nanoparticle ink deposition and
patterning by selective laser sintering. It provides flexible electronics fabrication without the use of conventional
photolithography or vacuum deposition techniques. We summarize our recent progress on the selective laser sintering
of metals and metal oxide nanoparticles on a polymer substrate to realize flexible electronics such as flexible displays
and flexible solar cells. Future research directions are also discussed.
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Fig. 1 Nanoparticle thermal and electrical characteristics. (a) Size dependent
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Fig. 2 Nanoparticle selective laser sintering process. (a) Nanoparticle deposition. (b) Selective laser

sintering. (c) Wash out of non-sintered nanoparticles. (d) Metal patterning on a polymer substrate

U7t Ggs Askm A wEEo] wol 7]
W] A7be] Fepae s)we 2w ugaz
W T Y fARNRA FHE TA
S wETh mebd FAAVAAE BEE AF
ge Behragol AY 4 Qi ALFHRA ¥
AR SeepES 2 340 gla astke A
TS rhaaE A e A9 E Y direct

patterning) 7] % o] o] ofut 3hr} 2

t}ordl A AW e d 7|40 EAst=Y Sk~
71l w4 A=E dydsridE 2249
2 RS P SEWT He dax Zag
(inkjet printing) 3} 713 Ee HPEE A

o
_IE-}
Ho
offt

X,

gl:‘g
o
-
ol
o
H
f
of

o oA
o
o]
o @ %0,
o
— il
N
L
o My Ih
(o]
- &
o

ol
)
Hy
tlo
e
o

o

%0
o
El
_0|L
k)
kD

ki
E=) il
M
-3
i}
)
ofo

€0 fo 1T
32 Y

Mo i Nl i1 o ol
o

o 0

o o Lo
N
o
g 2 b
_0|L
Y
=
r ol
b
tio
4 [
iy 02 T i oo

(]
. 10 o
2
oz
oft
ol

N
Ll olo
=2

to r ofl o
S
o
X
of
ol
X
1

ol &
£

)
ol

(e i

oo oo N ox
X
Rl
=

il
u
o
=

=
o [
T
-
¥
O

T
ke
o
DA
=2

X o
S
E’FU

2 o
Kl
H
5 I
flo ®
2

o =
ly
g
4

>
o
A2 okl

o (6 dorr > 2 oz bl (" orf ok o lo ®orfr
oo o rle wn

)
rr

uf-e} ol A o 54 A71a
(thermodynamic size effect) wWmoll U= A}2] ==
Aol JA3] YolA|+= size dependent melting
temperature depression® &4 0. 7 ZglxElo] £}

(6)

HA ge ALY 55 dHd 348

Atk & =AW 2kddA 57
3t 7)Aol = Fig. 1(b)8] 28 AH F71&
o] wof gl7] wiEdd F&olgE 7
A gkal w2 Fol= FZH2 glofX

N
==

i)
1S

ol X,
SR | (1T R Y

kl
e &
N
Lo

& JAEo] AAEAN WA 2 sE2EE 55
2=

Fig. 2 = Yx=YAe] 84 dolA £4E o83t
of Zek2Y 7| o s AraAtE vtes
3RS Yehdth 94 YxiAE Ja3A ZdH,
NARA ZHY TS Fa ZekaE 7]9gd =
A wkeks gAdstal YeEdo] & Frskes 9o
go]AE ARsl] FiAoR Unads 5ol
AHAoR AZd 5 HHS UEA €k o]
A Aol A7E Azt Bink i B o] ol Fé
S A HaL A B2 fr]8 el fA

<

ThA] Fola] 73t Al AAZE = U
g3lo] Mulxor JuBgds 44
Lo JAAZAY I SEY o EE E3)
5Z(20~50 pum)oll ¥]3] 3 E=E sub-micron 7}A]|
3 S7F A g odow AtE 95 4
coffee stain =A|e} 72 H|F L whabdA] A
;AT = v sTY g FHS A 9
k67 wnk olye}l HAgE e HolAE ARSI
ks oA 7] EAES HAS F
AL HolA Y S 5 sz

Hato] Bz AR e Zlo

ek

0 ol
O i ko2 o2 N

=
g4 7h3o] 7hselAl € Fig. 32 2 3
THE f7149 EWA AE(OFET)S] HigS Ko
o 7 ERAAEHE YGegxbe] AEA g
olMAAS o]l FEE AN E H= FH
7] AAAPVP), Hepde] f7] wreAE Ay
5 10°-10* €] Ton/Ioff ¥]€} 0.002 em® V' s 2] hole
mobility ] 7] EANAAEH 54 YePALL?



536 I 5 %
22 LU dXte] MEAA 2Oo|MTALE 0|88 7 oA E&HoE TP 5 gl WHol ARPHATH
7&K mEH Y g2 gehs 546 wet 54 S 2 &
fFradaZdels s = B Edx ¢ 5 A A ¢ e el 2ol=
B9} dZdE WS e EAAE st 10 A9 sPo]l s ddw & F5EA fUE
= TgdoF v Eev 7] BREES {71 Adol= 2 FFEA & S d™ste] f7154
el & FHopx] Al "ol vheglxdy & dWESs HAsE ¢ vk aEa g
& ol WEYS & g vk sARE Rwv= 0 HAEHd vl Ak A=3e] Aty Aof HAaE
71-8uoll Qb mobd M- mpAAE olgd T 0 HE Tl duny "4 vropd 22 o] A oA
25 dlofahis wo] AN ZEHel vlE) 2ert 2k xS F9 & 5 A "ok 2 S
24 vk st RemSA fEEE oferbx] frEE T ofye Aol ofd ukd #71E
wAde]l QoA HelAE olgdl NEYI Eds Anp QAP wE7) oA U2A Zo|
98 s el W ATl Hxm guk o] ¥ heZAYE s olele B4 Aedd] 9
W f7] WHED e feele] wE § R o ol8E & Atk Fig 45 LB AL 0§ %4
o fMgEAel & Frehs Agdolt A AdY F/1RYBA Alg B Ak RO
ol HolAE ARt f7] gede] dR-Eo]  532mm o NAYAG #o|AE FARste] 4= wholaE
88715 0A Aol dRle] AApET web o] LadE AEde Fasgr®
A7) FHorer 471w E AREL A YolA
o ols) WARE wel gt oldl FETge) @ 23 MFS Lhzelxie] N2 22 olge
Ae ZRE|E So1PFEAT f2likolo] F! B LR S
24 FYse] dold Aede Fo) e dux  veEde EWAHNt 398 AN g
(a) Semiconducting polymer (C)
B 0.025
Source Drain 107 .
| PVP Gate 0.02 ’E::: 2 g
Polymer substrate T =
—0.015 10" 0 |
E 5 0 5 1(\7/[,1:\:0 25 30
— 001 - 4
0.005 -
‘.,W
s s
0O 5 10 15 20 25 30
Fig. 3 Organic field effect transistors fabricated on a plastic substrate by selective laser sintering of inkjet
printed NPs (a) Schematics and micrograph of OFET array. (b) Magnified image of a OFET. (c)
Transfer and output characteristics of a fabricated OFET"”
(a) ()
100 m
‘ Glass
Donor| Nps T
OLED ]
materia 100 ym
B B Transferred pattern -
Acceptor ‘

Fig. 4 OLED pixel transfer by nanomaterial enabled laser transfer. (a) Process schematics.
Photoluminescence ima(%e of transferred Alq3 patter by (b) homogenized laser beam and (c)
focused Gaussian beam™



(a)

Homogenizer

Aerosol
impinging jet

(b)

UV transparent
window

SnO2 coated

Receiving
substrate

<— Carrier gas

Current density (mA/cm2)

TiO2 Nanoparticle
suspension

Outlet/acrosol |~
filter

Collision nebulizer

537

0
2 f
7
4 f ,,,,,,,,,
-6
4
s A
-10 :
80.9mJ/cm2
12 }‘22%%/} 60.7mJ{cm2
60.7mJjcm2
aeEEe? :
'14;9»6”)9{ —©—Double layers
—H-Single layer

-16
0 01 02 03 04 05 06 0.7 08

Fig. 5 Flexible dye sensitized solar cell fabrication. (a) TiO2 nanoparticle aerosol jet deposition & UV laser

sintering system. (b) IV curve of laser processed DSSC. (c¢) Digital picture of flexible DSSC
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