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Research of silver paste application to stretchable film

Kwon bo seok

Dept. of Graphic Arts Engineering, Graduate School,

Pukyong National University

Abstract

Currently, new trends in domestic display development trends are the
rise of scalable displays. Lightweight, low—power, thin, lightweight and
flexible stretchable displays, such as paper, have attracted a great deal
of attention both academically and industrially as displays that
visualize wvarious information according to the deepening and
popularization of informationization and convey it to human beings.

In order to realize a scalable display, it is necessary to combine
stressable substrates, organic materials for low temperature processes,
inorganic materials, stressable electronics, encapsulation and packaging
technologies. In this case, the stress— Reliability, and price, and it is
widely considered to be applied due to ease of processing, suitability
of continuous process, and the like.

In addition, due to the development of various materials and
technologies, the strainable electronic device can be used for various
application fields because it can operate even if the substrate is

reduced or expanded by making the existing photoelectric device on

= Vil -



the substrate. Recently, (IOT), vehicle electronic devices, and intelligent
(AD) robots.

In this study, a flexible silver paste was prepared using a resin with
a low glass transition temperature (Tg) and a high molecular weight.
The Tg is the temperature at which the rubber becomes a state, and
when the Tg is lower than the room temperature, flexibility and
stretchability of the resin are different. In addition, a transparent
urethane film having excellent stretching properties was produced,
compared with a commonly used urethane film. In order to analyze the
difference of elasticity according to the film, the development of
stretchable silver paste suitable for stretchable electrode pattern and
the production of stretchable film were aimed. In this study, screen
printing method was used as electrode forming method. This printing
method is suitable for mass production of devices, cost reduction, and

high quality.
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Fig 1. Comparison of photo lithography process and printing
process.
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Process.
Hob A Eep Hi7kr 99 9 4433
Zalgg, dfakut, Adoly: oJay Fxy
Len TFT DM, Gate AT 5/D A3, 4942 =wg
- W4 934 =ay
o - ZiAb 4T Ag B39 9 £ad =9y
A=&4) OLED F71 03 2y o] OLED AlZA J3A, w34
OLED 333 AT wexel gas, sRcelEy
AAze| Frontplane: Wetting § #4, &9 49 933, F=dd
T TFT Backplane: Yt=MZ, Gate 5, §/D 35, d9d5 =44
EX] OLED 7182 84 T49] OLED A=A 934, =84
_ ot Sxds
pa— RFID Iﬂ ;HMH A
Packaging 5
2] el
Battery
1€} Touch Panel
FPCB




» QIATR; MIAINE T

300X

z

150
100

50

2008
Fig 2. Printed Electronics Outlook.

2025t

)
#

2020

2015

i
{

=)

"0

IH

e

3]
k=

H(yield stress) ©]49]

Kok
o

H
=

5}

A7 A= 1S

ta e =

)5

)
-”—7(

o
0

i
T

X

lol2Ed dw(Ag), 7(Cw), 71&(C) 534 22

o]-&3to] ++

ﬂ

%0

X

X

42 A

A8

o
™0

_io

ﬂ

g @ol 2ol 1

she

& e T4

=]

2 Azt

Ho

o

NI
T
o]
s

—

_ZO

=K

s
~
NJo

p—

0

=0

H

9

—Z
T

i

g 7]

s

T

Bol By, ey A%A o

il

Ho

—_
"o

el
i
ot
a

o)
N

o]

vzel
Mo
o

il



X,
k1
o,
L)
o

|22 FEa90, nld, $4, 718 A 5o

,_—ll.

, AREE A wel 24 FAAR deEs e alddA 2dEE
B!
2

oA =& et =gk~ E8lo] §
3 FHE PAE7] wEol A AFo] A AE

ol F7AsH Aol Stk AW 60T o4 AAY LEE ADS

$ri50] 24 Babw FEolTh 20T olale] ALl AAE s &

Ao w9 wheld el Agw Qs & RSH wel DAl =

vhe GAste Aol e 2AFe wol wgsh BaEA e,
o

o 2 W
ol
2
o
ot
oX,
ot
i)
4
oo
B
4>
-,
ol
fuj
fr
i
iy
N
N
olr
ol
H
2
rlot
o
2
s
1_4



AgzH o] ~E e

ki3

T

0]
L

1] 9
ol

°

A |

A

A7t it
ul

}

M F% 334

R4

g7}

60~90wt% <] H]
o] AR ALE

Q

gy
olo

N

0
4

N

(2) wkeIH

FHatol

$risl &

S

ol
o
T

o)

fuy

0

|22 7

AL
;OO

I

o

e
B

.
—_—
fite)
il

il
M

)

el

il

—

03
‘BO

B/
B

THe =z

=

=

=

o]

3

Fejel velte 24



AmAgel Asteh W A4 P wbE T S D
Mo A 2ol A48 wutel AAH B ASHAW Fe A
NAEAE At weba SRk W HAAe weldE A4T 2

27k Ao

A9 nBA £A o Faoute §7] vde] Aws Wsels o

24 H9HE ERee Ao)AEE Axew de Auw wsa
Hol~EE AT A SgEokl W SAe) W, vy 2 7]
g A7HA Sael g4, 71Rne AeAES nYstel SAE Aes

ofof 9T}, 58] AL AW AMolxEe] &4 WAL WS Fadth A
9

ANE T 4% AH AYA GAZF S0l BYY Y 5 TS F

A7 A 5 Atk oled ol fE A3 A4E ¥ A% g EAE
F2 gl 494 SN AN RS T4 A/AEA

o] yvrolx= Aol vk weEbAd A, dxxd, Afdd s& 1L

dale] A3 84S AAsE Qo] Fasith

(4) H7HA

Hol o] i

N
rot
J|m
o,
o
=
2
>,
J|m
o
N
olr
o
4z
2
ol
rr
G
()
9,
i)



2 zZH) ey

MEE

3|

2

)

)

A =

=]
=i

3| ?l

-
_TJL_‘-]

o o

Al sel

o

R

™

—
fite)

]

g %=
Al, A

% 7%

T

-
X

==
<4

’

Z2A

wAHAl, 7 skAl, A

A

e
TH

Wi
<

—_—

i

0

1
Al

X

P
i

5]

o]

=Y

N

<]

=
ol

el

Ho

E9] Y LzA

el
70
o
T
22
pIN

7 vl et &

oF

A

il
™

)

p o
fite)

ZHA AL e B E Ho| AES] e o
o] o]yt YjEE Hplr 9o

el

B
o)

oy
o
W

AAr

7HA

=]
i=i

|

b2

i ERH AT

9]



Wetting Dispersion Stabilization

O
o
0 0
Lo G,J 0 o

Fig 3. Three step of dispersion process.

t}. Percolation point 2 Percolation curve

%9,
O
N
v
s
fr
o
D
=
(@)
o,
Q
g
@]
=]
o)
C.
=]
—t+
f
=
ans
ol
ol
0
2
i)
o
|l
dB
5=)
o
inj
i
a0
N
N
ol
ol

_10_



Percolation point

Resistance(02)\curve

Volume of binder resin

o

Volume of conductive filler 19%

Fig 4. Percolation point of percolation curve.
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Fig 5. Rigid, flexible, and stretchable displays based on glass

substrate, flexible substrate and stretchable substrates.
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6.5
3.24—-45
2,6-3.0
141
18
12
16—-17
51-565
1825
246
2125

CTE, ppm/C
9.5-115

Material
ceramic
tantalum
glass, borosilicate
silicon
gold
FR—-4 PCB
polyimide/glass PCB
polyimide/Kevlar PCB
copper lead frames
Kovar*® lead frames
filled epoxy resins ({Tg)
tin—lead solder alloy (60/40)
lead—free solder alloy (Sn3.5Ag)

Table 2. Thermal expansion coefficient of various materials
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: g2 ¥ High thermal conductivity polymer materials
Ordinary polymers  Existing polymer materials e N
with high thermal conductivity SISt e dewshged
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Zirconia
Foamed polyurethane PYS . i s & y
(Freon gas foam) High-density Titanium oxide Boron nitride
polyethylene Aluminum oxide Aluminum nitride

Fig 7. The thermal conductivity values of the various substrate

materials
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Fig 8. Process for manufacturing flexible electronic equipment

using roll-to-roll process
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(1)Wavy structure

7€ F7lE 2AE ol&dtel AEHAE AALAE TdEr] AsA
PDMS 7]#te] 53 w3224 AAek 7IA% tAQlo]l Hastt. shite]
W ozs 7l A A 71 Al wek Zjwke] o] dojd
= Slolvl(wavy) 729 78S F@sk= Aol Ut dlolH Fx9] 7]
G2 ofmy A ol A Al 7]so] folv] Fx7F FojuA 9 F&
goll the3t7] wiEel 71 el AzE FrlE At d¥dFs FA ¥
T Ak EF AT GA] doln] HAYES o] gste] AlZFsk 30%0]% 9

strain®] 7hs gk =9 Fo] 7hsd] T

2

(2)Porous mesh structure

NE sE RS WEZ A AHESE By F shie o3y

)
olN
N
lo
A
L)
%
2
o
>
)
=2
1o,
:(x)l‘_t
N
-4
of,
)
3
=
e
lo
o W
N
N
X
iR
o
(i
o
-
v



Azt

-
s

ol A

-
"
=
H

W
He

0
M-
ﬂmﬂ

o
A

it

o
el

o

—

Mo

Fig 9. Fabrication of the porous electrode with steam etching.

Fig 10. Schematic diagram showing the initial electrical

connections and disconnection
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(3)Stretchable substrate
Hojd Hse 2EYHE ATFS T3 7] fHsiA= PDMSE 2l

2E Ago] ArTAUE BAW AN 24 AA TG 2A
g 29 & 9] AR QAR Hsd ZEAAE J% Aol
2 83}

H: dAFoME AR AlFo] 7ted HAEA polypyrrole /
polyurethand(PPy/PU) B AI7F A=A A5 7o 2 Byl Fig
Lol Yepd AAH g34d PUZIE flo PPyE SFo=ZA BAHAE
dE F Aok PPy7t /=W PPy/Pu &A1) WL kil njiry
A7t Figell Al ¥ 4 gl%o] PU 7|#S wj$ e Ty ES ztagith
PU7I £l oF 40ume] PPysol 4%H™ o34 PUS PPyol =
10me] PPysol FAHT. AlHA PPy7t SHEo=EZN 73S 535 &
W PPy/PUS A7 =S FAAZ F Atk PPy/PU BAHAE Hold
=

WAE AEEE M Al ARl FEE 5 e AS AA

>~

H& 71 = o

Porous PU PPy

Fig 11. SEM images of fracture of porous PU substrate and
PPy/PU elastomer.
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Photonic AgN'WsiPU
irrpdiation composite

Fig 12. Schematic representation shows the fabrication steps of

AgNWs/PU electrode.
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Fig 14. CNT-TFTs fabricated using a roll-to—plate printing

process for applications in E-skin.
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m. A2 9

1. 2418 JHo2EL A=

7h. Ag #4H

e

A i A5As o ¢3¢ A=A Ss FA7] A8 A= e
3} 7] (packing) 2 = A 3} S L2 2%9] Flake type Ag
powder ¢} Flat type Ag powder & Z3tslo] ALE3}it}. Flake typed]
Ag powder®] FHom= HE WA Ha, FAZE gfot HA D=} &
F3te Hold HA7IH==E vErdFE Arh. Ag powder® FHA
SEM(scanning electron microscope) 2.2 9% 3k Z S Figure 15. o] Y&}

Wi A et

rulru
B

o

by .
SEM HV: 1500 kv
Dot SE

Dot SE

Ag powder-1 Ag powder-2
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VEGAT TESCAN

o el
Ag powder-3
Fig 15. The SEM image of Ag powders.

HE YA &t Wdo] Ha FA7F 8]
A FZE 5 oy A TS Hop =2
A7 AEEE YeRE 5= Qe FHol Stk ESE spherical typee] Ag 3}
°
\ —3

W % WHe]l ng Wyl WEA Ag YAel Ava
T

% 3599 F548S Fofstal, Substrateo] e 2 o] Hojim
Aol 3 A dHS FAs] flal Tgrk o Exde] &
Ol S AF&3lgth. Polyester®t uretane 4 421 FF-215(SK
CHEMICALS, Korea)E AF&3stlaL, ¥Rld el =/& Table 3. o Y&
olet =3 Aol 2ER vl 2 AME&t7] 98] A8do] ¢Fsta,
HHA O R Fol ALg- ¥ = A &A1 ECA
((2-(2-Ethoxyethoxy)ethyl acetate)) SAMCHUN chemical, Korea)ol| &
Al A ARESEA T
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Table 3. Physical properties of binder polymer

Binder
TL(C) -11
Molecular
. 35,000
weight(Mn)
Softening Point(C) 100
OH Value _
276
(KOHmg/g)
Shape Sheet
Base solvent ECA

FAE Avsol s Axe] AEHE HIHE A7) Sla FAE 5

AE dA ve=2 &AATIE 95 . & dATFolAN 23" A=

A7) wel el §AE Abgaof k. I SAl= HoliES
AEE 24 e 449 A o AW Fo]2E A S

BoAFo A A epol AL ite]l 200um FA EFY 9@ e (urethane) 2
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Rt %o Holyd £ e BEL Axs7] 98l SMOOTH-ON
SelEe AgstaTh oW ALgHE FA(A)S AHABIE
Table 4. o] Uehla, FA1st AsAel &S 50052 =4 (mixing) s
gxe daste] A&s9r

Table 4. Physical data of Transparent urethane film

Transparent urethane

Mix Ratio 1A:1B by volume
Mixed Viscosity (cps) 750

Cure time 16 hrs.(73°F/237C)

Pot Life 15 min(73°F/237C)
Color Clear
Shore A Hardness 30
Tensile Strength (psi) 725
Elongation @ Break (%) 675
Tear Strength(pli) 54
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Table 5. Physical data of polyester resins used to coat a

masking layer

Binder(1) Binder(2) Binder(3)
T (C) 16 -11 10
Molecular
) 40,000 35,000 26,000
weight(Mn)
Softening Point(C) 120 100 90
OH Value _ - -
276 276 276
(KOHmg/g)
Shape Sheet Sheet Sheet
Base solvent ECA ECA ECA

BATo A B Al AEES Fig 16. o 2S PO Az

1=

1. pre-mixing
2. Mixing & Antifoaming
3. Milling by 3-rollmill

1. pre-mixing
2. Mixing & Antifoaming

Resin

Solvent ~

Ag powder —

Paste complete

Additive

Fig 16. Fabrication of Ag paste
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vy, &4, kA, dstAls AE7F w2 MR H7Eske] 13

b3
2] YA (Pre-mixing)dtth. 2 o] ik & ¥ 7| (THINKYil, Japan)2S ©]

(K

&3oto] 1350rpme 2 135 <QF Rk 1200rpm e = 30%5<F X & X3
o agla AWaerE 284 Hrtste] 22 Z2] 94 (Pre-mixing) ¥
wwk gy s ddsta, dlek(mpeller)E o838kl 2417w wAS

™,
NS

Yoy wdo] enw AW dolAES dAdsA ZAATI7] 9lE

3-Roll mil(EXAKT 80S, Germany) FH|Z 53] #A4kAIzl & wub €3

2 st npx oz B (hall mil)= 24A17F 59 A A AA A
W Ho]|A~EES AASAL. o9} e HIHOZ Table 6.2 1o}

A 9] formulation®] t}.

il

i

Table 6. The formulation of Ag paste

Reins
< { N Sol dditi
t t
powder—1 powder—2 powder-3 2 115 e 1 addive
Paste 38.5% 15% 16.5% 9.24% 19.6% 1.8%
U 25 AxYy 2 34
Substratet= LE7AZ7|Z 100T/10% &<t AA 3 R epo] AL jik2

200im A2l E5Fv $-z ¥ (urethane) 2 &3 SMOOTH-ONjit¢] <12 -$-
Aes o]l gt A3 AZg 200m FAC] FH e AES A
th 59 g 5 SMOOTH-ONjite] A& $-de FA19 F3A=
5ul5¢] Hl &R xg ®

o dFa"7I2 ZYS AP ofm 200me] FAE FHANAFE =

_4

2 A (Pre-mixing) §& Wk 2X 5 Xsa, Fig 17.
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Fig 17. Coating machine.

Fig 18. Transparent urethane film.
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SEM HV: 15.00 kY SEM MAG: 200 x VEGALTESCAN  SEM HV: 15008V SEM MAG: 200x
Det: SE 200 pm * De:SE 200 pm

e /| PHNU

Opaque urethane Transparent urethane
Fig 19. The SEM image of Substrate
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Rheometer(Thermo HAAKE Rheowin Pro 2.92, Germany) #H]ZS A}&
sto] 23T SA2=olA H7bskdth =3 35 mme] HE #eo] SAA
Aot AP AJmde] A4S 0.8 mmE AT Rheometerd vl =
o] g&3to] A E(viscosity), AFEFE(G), EARAEE(G)E ST

shear rate 50 s ¢ ZAH#HS Fdlo] AxE & & da, 01~100 s

100~0.1 s shear rate ZZZ Alo]e HYHIE E3lojx EAAHS & &
o th. 18] 31 shear stressE 0.1~1000 Pa ¥4 A E(G), &=

dEGYe 4L + ok
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Fig 20. Rheology measuring equipment-Rheoscope 1
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AL gike]l 200pm FAe] BEF $-d E(urethane) 2 &, SMOOTH-ON;jik
o] AdASHeS ol &ste] AH A 200mm FAL FH O SdHE® IAE

93 3EF HIHE 29 £ fdw B 9F 54 545

40mm

Urethane

Fig 21. Micro Material Testing Machine & Stress test sample

2. 239 AH4zA 2 A=A A" AHA8 HUt

Fig. A¢} #Zo] Azxs AW dFol~EE EHday AR Aztd
100mesh®] =aHFAS o] &ste] ~ad AHHo=z ArA dHHS A%
stdth 913 vl Fig 22.9F 2] FC-SW-2525(MINO Group, Japan)
£ Agstgh 2adse Fig 220 YERd @ febrbake] ~a9
AFE At ar, 23 AHdo] hidt FEE Table 7.01 e
oh 2o e AWl ~Ee] FAE 30melH AMEE AFAE &
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g ebbulite] ARAAE ARSI A WE Fig 23.9F o]
40mm x 3mme| A AL FFe HEE ARgERlaL, 1 e A=
of W AxdE S48 s el kel (Cu wire)E A=A A

g Abgsl RHAsGh EG A9 4P okl MY Table 85 2L

0
2

i
&

Fig 22. Screen printing machine &Screen printing frame

Table 7. Screen printing frame Information

Mesh & Emulsion
Frame Mesh Tension Angle
thickness
550% 550 100 X Y
127 m 22.5°
am {poly) 0.09 | 1.00
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Table 8. Screen printing conditions

Squeegee Doctor Squeegee Doctor Stop Squeegee
Clearance
speed speed pressure | pressure time angle
30mm/s 30 mm/s 2.8 mm 0.02mm | 1.0 sec 2.5 mm 73
4cm
I Sy
1 & 4-'-"'_'_'_‘ " 5 _p,\_:- o 1cm
8 9 L % i
’ ~<:"; y h 4 < '
KN \ o

\Ag paste

1
I
: Urethane
I
1
I

Wire

Fig 23. Stretching test samples

o, 4

B

=]
=

o)

ALAE 24

A Hol~ER A#E A= IEE 3M HolZ 610
FAFE3 9] ASTM D3359(cross—cut tape test)Ald oz HHAHS =A
sttt 28l A A =7 (pencil hardness tester, -0 28)=E
of ALAEE SAHsIA. oju] AMEE ABAP AL Fig 24.0 HEWS]
=3
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Fig 24. Pencil hardness tester

Hh getEnd 54

A= 3R Ao wmeE XH PFAS A7 8 FeEv A
(opticalmicro scope)s &3te] 300 &= &Y 3t Th o]w A}-8-3F F3)

A4S Fig 25.01 YER e

Fig 25. Optical Micro scope
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g g dEel 30me] FAR =A™ diste] 130T/30% Axsk3

71 % Fig 26.9] ¥E 1 H X~E(fatigue tester, Sandol FA) &H] S A}
Ao wE A=A H7EE SAsAG. ofu A= "] =27]+=
40mm x 3mm, A E AWH)AESY FAE 30mel™ Fig 23. ¢ 2
Fe 2 At 183 Hantek jibe] & o] &3t d=AS

Stttk EE AEe] mWE HAEA HrlEE 0-100% 7AHA AF

rlo

A\
o

!
stretching test, 0-50% fatigue test & 0-100% 7}#] AlZ%3}+= stretching

rr

ot

test, 0-100%7}#] ¥FE-3}le] stretching test 3} recovery testE 73 a}
Atk old HEY L HLE FAH|9 £E+ 03mm/s, 5% HFHL=E

streching test® %33} t}.

Fig 26. Stretching test machine
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V. 29 4 3%

1. dWF ol 2ES Mo A 23

AzF Aol 229l Mg e B7h5r] 918l Rheometers ALt
w}

o] Aet& % (shear rate)o] W& FHE(viscosity) 3 =4 7+S Figure 27.

of eRH AT
1000000 [
- [ o Ag paste]

100000 e
2 e,
% C \\.. .
5 \.\.\..‘..
> 10000 |

1000 TR - TR

1 10 100
Shear rate(1/s)

Fig 27. Viscosity of the shear rate graph

A4 = (shear rate)’} 718wl A X (viscosity)7F 4%t 44 F5
o] 7hsds & 4 UL = 3™ A AFAA HdeEmd wet
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Table 9. o] YEFHATE
Table 9. Viscosity of the shear rate and Thixotropy Index
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Fig 28. Amplitude sweep of paste
2. AW ol~E Y 3FF¢ vy DSC 23
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Figure 29. DSC results of binder and Ag paste cured for 10min at
130TC.
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4.5

—— Binder(1)
{| — Binder(2)
3.5 Binder(3)
—— Transparent urethane
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Fig 30. Stress & Strain curves of the polyester masking

layer/PU substrate film.
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Fig 31. Screen printing frame.

Table 10. Optical microscope images.

Binder(1) Binder(2)

Binder(3) Uncoated urethane
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Fig 33. Pencil hardness results of Ag paste.
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Table 11. Surface morphology due to strain increase.

x150
120%

Binder(1)

Binder(2)

Binder(3)

7. AZo] 4E AEA H7 AP

Ao e AR HI7IE 0-100% 7FA] Al=3= stretching  test,
0-50% fatigue test & 0-100% 7}A] Al %3}+= stretching testE % Y3}
=3

wA Aol AL kel 200 FAe]  EFW Sdg 5
SMOOTH-ONijil:¢] A& -$-#Hes o]&sto] A4 A= 200um F71¢ &

o

al{f

xRl 3FFe o4 vy E 2" 7Y gEe dEed 2=
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T o FUE 53 3FFe vz 293 FY o fdd 2F
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