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Study of Physical Properties of Stretchable Silver Paste
by Acryl and Polyester Binder

Jeong Seok Won

Dept. of Graphic Arts Engineering, Graduate School,

Pukyong National University

Abstract

Recently, in the printed electronics devices, a wearable device such as a
human body attachment type or a bracelet type has been in the spotlight
beyond a good performance such as a long battery life or a solid state. In
order to manufacture wearable devices, inorganic materials, stretchable
electronics, and stretchable substrates are required, which stretchable
substrates play an important part in performance and price. Wearable
devices may be classified into devices that are displayed in the form of
glasses or watches according to their functions, and devices that focus on
input functions by sensors such as a human body attachment type and a
bracelet type. Human body attachable, clothing type, bracelet type sensors
and electronic circuit materials provide not only the functions of the
existing materials but also new functions such as elasticity.

In this study, Acrylic and polyester were used as binders, respectively,
and pastes were prepared based on the difference in physics such as
molecular structure and glass transition temperature (Tg). Tg (Glass
transition temperature) refers to the temperature at which rubber
becomes. When Tg is high, the elasticity and flexibility of the resin are
different.
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A PET film coated with a release agent was attached to the lower part
of the urethane film, which was previously sold, to prepare a new type of
film and used as a substrate material. The developed stretch film was
used as a substrate and silver paste was used as an electrode material to
print by screen printing. Develop the sensor electrode and the stretchable
PCB electrode by analyzing the characteristics of the printed result, and
measure the elongation according to the adhesive's adhesive property,
elasticity property, rheological property, SEM image of printed matter,
hysteresis property of electrode film, and resistance The characteristics of

the stretchable electrode were grasped by evaluating.

- vii -



I. A&

A2 Qd AARoks wed wWEest Ldbit dnstthe 9
Yol L& AL Wl AA FAYoIL BAY 5 Aofe B tlutol st
2 ngich gelEE ool ag Axa] AL B A4, AE

dAE 7] so] gty olFolM AED

QA HAGol} 7@t BAG A @ A2 Ani AE A
29 7% Wk ofe AFAolehs ARE /5 ATsh 1o wE

Aote fulol A8 Ay Qs o] ghdstA I it

T Aol = dojelE Hntolref A &ahr] fl3k AW Ho|AE
HS AT HHoR Sl oA " ZEAHES 47 HIH R AL
ot TR FEHol2E(Te)s &4AtolE o R 4% vl
o] Ho| ~EE A|X3FAtE Tg(Glass transition temperature) &
TR He 25E Weksd], Teol wet A9 ASA, 7 S0
Zpol7h drk, 71 wviE Q= Ele E9] shel ol@AF AY
Y PETIE= FFAANA Mz 9 d5= Axs 7d A=
ARESRaith EE A5 HEs V1Mo R ARESta AW FHolAEE
AT AR AMgst] 238 QHHoz AHsct. Ay AE9)

|

N



ol

ilf

—

N_.uﬂo

i

8
B

~
.Z_I



II. o] &

1. A4 A=}

AN A% O olFeld
Fsste] ofF Aol Zbseta A7h Age &
ANAA A& AAE 2AL 12 BRAD A%, 715
S Aol T o AdvlEs Buls RE 1F 8% & Y
aA7h Dester AR A Ak e Jwd 94 5 AR V%
Qi) A W S A 5 Qe FEIERA ARAH 27
o Aol sbats] wEel AR 7)ol S WA olok fek,

Q) A4 T Figure Lo} Qo] /1% AAnA AzTHel vl
ATl AA Fol=t Aol vk w@ Aol BE AU
AA2AE QAT 5 A7) Wil ALFYY 53 2EAAE AF
of AEa g UF FHS FA FAL, BIAE AL Fol Ths
sith 23§77 AAARRG ohle AF AdE BET 5

orE AEe] WAE %E F Yy FAE vwdl T 5 Ak =



ot
Jo
_—%,
it
1o
oo
o
o
i
=
=
i
1o
rx
i
kit
ey
2
iy
~
2
Sl
2
o
i
ok
¥

—
~
T
e

II!I.I'-& y wr

Wearable

200 013 w2 a1 2014 o mie xr 2018

Figure 1. Photo lithography process and electronic printing
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Table 1. Applicable Area and Printing Process
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Figure 2. Printed electronics prospect.

13F



=
L —

R

.

=

ol

ERR
ToR T
oA 7 3}HH

Ho|~ER 1}

= 7HAA H

<

=

=

g A

S

=

so] =

7}s
z,: o

o

a Ho] 71gdr. g vl

<]

=

stoh7h = A 9

S

.

=

A
13

[e)

T
- O

THIZ Y

&

€]

-

W A4H Aol
Ly

)

Ho]AER 72 (Cu). 7HE(0), AW (Ag) T3 #

ANE

HolAEL 31, vy, &4, 71g H7HA

to] mexg &
Ho]AEE= 700C ©]

3 Hol

°©

| s
a

.]

ol ~E- 19} 2
3

AL

2
=% FeHe A4 He, vl

S
=
=

~
fife)

,.__.mo
1
i

o
oy

ar

[y

o] HITE o

T2l

2o Tg7l &% d¢drt Yo uebs F5 3957 =57

kv

A S ol Zoh 2ehs

Za}a
A B weba ool

—_
110

Pt

S

§2 ¥ o)

)

S #% sHedst

H]

oleh. 1

B4el

-

R

B

S

7}

o

=

ofe] o] Sltt.

-
R

A < 3kl



N
ro
o,
o
oflt
5
o
[
[
rlr
Jo

71 vpelge] &3, 39 5o 5 =
So] # BaE FEE 7k 200T olake] ALod xS slo
I EAE T FTEAA 25 et Jsed 1
steo] ks FAdske WAootk viRltZb RalH A 43, &7
g ol TS st AR AAHY v UMEYA FE2E I
ok 283 200°C olate] Aelx Ayt 7] wiize] Z]Alel gk Al
g glol AREE 4 vk Aol Sith
o] glelx B, SEuHe HIHA 93s dFE FNAA Tl
4 B9HE BAAA BEE UV 488 HolAER itk UV A3
g Wo|REr FE AL W2 FHO)AEE AMESHA HEd o] &
A FH7](Spin coater) & AFE3dto] =EFA (Glass) ol Akl A2
AHES UV ZAF ZAE ol &3] UV @A A dHES & F
o} Ho|AES] & woke] met FAdoly FAXT] dAE F71E
Aot drAorE Ax FA glo] UViRel g3 UVs &
W FANAE 2 g2 wkso g Asido] gus FA s
A, FA BeElz AAZE 7bsete AsAzbe] g gtan W gk Aol
Aol glom Ax ol oa ARt 7jke] gHA 7L gl

%)
o

_I.I_'t -l

&
o
Anj

i,

&l
zd
.
)
oo o

7} ATA HolAES A 24

(1) 49 s9-¢

AW vhers AR HolAES] AT

T4 70% ol’de AASE T AR

& B wEOIAL W) S4E tehled 2 Fe AAac 2



59T Ho| A0 §E SAHUE QR mAM, A4 F AAS
B PYHE AT AR SRS 2 JFL Frh o
2 A8 & Qo 9% 2717 vlelazy
o A et BW EWge] Frkskel Al wAgdch 29 A
s doupl AEAel sl Hidl ot TWAFe] HobA |
7) wjgolth, mebd, AEAol HoluAY, Atk i SRl €@ 74
of Ae REel F& U AmEH AEHY, 53 Agt
1.62x107°Q - cmo. 2 u|Ago] Y3 0.1 m Z7]9 wHA FfH=
hgsheehe Qiabe] EW st @ ey or} bze] Ay sin
AHgEE7] Bolshel 7h4 ANrA o AbgE 1 24 wpeiolt,

Ag o12% EFF £ BAs] AT A4S BHIFO A
4 Ag H9UE Az B TP 20L 22T W dw 2
T AEE Aosts ol Fsdta, FHe B
7% (Sphere)el itk F39] Aol AL FsFel Agd W Bel
719 Aol AEFo)y] W] @A Ak wel Felola Ag B
di e 2hg W gHo] shsskel AEAel e FHol Uk §
g 7ol AN vl AE A ool 9l ME] Ao
Aol Ag SH$HE AHgSte] thi Ag o] AE vhola g}
Aol 28 Ag SHSTE B SHol N = (Hybrid) Ag o] 2B}
wo] wARgs A Y GHL BA AT AR F

otk o9 fASH F b4 ol Fu W ARE e 2
$UE BFatel AYYL Foln AFAE AFdE 2YE A9

e,

e

i)

oo X Kb
o

K



(2) ¥l (binder)

771 vk

y

Fod 24 o9

B

THA &2

ojiy

W

&

3

Sk

% SSu g A B

Mo

SR R = P

=y

0

Y

A Azl vtobd 5

al7)

!

i
i
fuy
=y
4r

A Fel 1A ke YIAA Aol "otk wEkd Ao Fofe w

(3) €A (solvent)

ukele ¢ @A o]

A=

o|J
e

/B]'

7HAl gl wEelE 9

=]
(=i

o)
=74,

s
=~

7o) A

-
R

1w Az

g AHgs

A e &A

ez

P AL Az A 4]

S

O >~
T



A A

5 A
AE

=

PN
T

et
o] o]

=]
(=
A

p=4
=

7HA

J

pZS
j=

LSOl AES] Bk

i

)
gl

a-

T

A
[e] - o
' 3 I § 3

o

2§71 DEA veldel 24 e
=

=

Y

s15o] thrlel 4 glch.

=7t
2bEofof

1l

=]

L

1=

k&
FE7E = 7] skl

714 9
theFsta Al
HA

“
A
RN

°©

(4) H7HA (additive)
3k},

Y. AEA Ho|AEZQ)

2

Qg 2

)

el 1~2%
i

Hoj 2=
%1 Y

=
[e)

;Lmo
‘.A_.uﬂo

—_

0
NI
I

—

NI

bl

4=

A}

b}

k)
gl

a7] olg). web el ste)

S

1

o,
H

L

=

of #AHge] Hoftop

=]
RN

v 2)7)
FeHE 7] eld e

S
=

= 29

Ty A

B

A Arketel %

=

gl

A

7HA =
=

=]
(=i

ko 1ejar 71Et

Sk

i

;01_

Y

5171

AR

ol

Y

=0

H

)

_10_



Wetting Dispersion Stabilization

9

Gy z(EEy

SJakE2kAE (Pseudoplastic) S50l Fol¥= st 37

wAF )FF/d> DLVOol&el m=H 7] o]F % (electrical double
layer) ¥ 9] #F7Fe] WHbg|24HEA (Van der Waals) €18 ZHo| o3t
Ho®w AQFHET = YA T 2dA QU (VD)= A7) olsF FHE
R oA (VR) &} whe| =3 Q1 o] Il Xl o= (VA) 2
o el VT = VA + VR” 22 xd¥ & 9l3, Fig 4.& 91¢ 2
= YARE A et LR oy BAE HolF= Idolth

_11_



-

—_—— - =
.
s

poggmr=—
- ———
-
-

Potential energy

|.....—-o-.-—.-+

7
[
]
'
!
]
]
L}
(]
L

Figure 4. Potential energy curve.

TEUATE TAAE AAVA He FEGL (VMao S BE 9 URE

Aol o] §xlo] dofubn, o] VMax + SRstHst= =42 1f <y
Aloltt. o] e FolHnt oYX do] AXMAM UATE AAE 4t =

rir
o
ok
o
it
rir

3 A7t H 2R Figure 5.8 o] EARMEEE &

YAES W= AYE o R Holme Ak T4 oA Y

2 ol F 7bX Whgel Ytk

elec(rlcal double- \ayer

(a) Stabilizing compound (b)

T

(a) steric stabilization (b) electrostatic stabilization

Figure 5. Improve dispersion stability

_12_



A7) olss Ador A3 vhdge o3k w2 Ak x4
tE AstAl sko] Wit o2 5ol IHEER FHe A AV ol

G5 sk Rt

Oft

ol
o

FEISHE 290 RS 2706 ANAEEE A gt

d ool ol2¥ ARl HASH SUkeke e Edd
Figure 6.2 $ o]&2 I1d° =2 yEeld Aot}
gx 10 |
i ' |
5 : .
i |
| =
a Insulator: Percolatione-=——sConductive
| :
Z H
B i
& i
r, :
1 i
85 7 75 8 B.5

Volume fraction [%]

Figure 6. Percolation point of percolation.

A7z o] F7FsHAl ¥+ o] A A& percolation pointghal Sk},

percolation point= =% 69 12k F =4 sjAv P E T

_13_



A E7g o]

o|A =
Al | w2 7]

27}

1 7}5

%
=

=

=

ZHAA o A=

e T4 B9

7}

g,

T

-

o] A

.

o o 4 N T TR d N B o
20 U o5 ®of T m M H_AI o I 1A
o X o« o W Mo )y R Mo % NM
ol o 7o R
T % T o W T T
B M:. ol m;.W ™ T < ﬂ B . °)
n— 3 = Y L T X Wl %o
< C ! AT S
L T S g W
"W o MB o7 N e
— o % N0 ° 2 o o
- s Sl o °
™ a2 0 NN A o
o)) 0% o B — T w
wm.o M..* my = o w M . ol L M ﬂ
N e X W R od TT® A
7 _ X R A /| How Xw
w9 o ®OR o Mo .ol o
—_ ~’ el
MW r z_W T O IR Y ol wﬂ_ ==y
T T O B oo mo AT &
b3 T B oW W M o Hx &
B ok Mo ) o S
IS o = /P i
3 LN Mo o 5 ooy
W ow B E R <y = A L o
H,M_ = % %.. T '~ Nlo < Rl ™ o &
gt = % m TP L o
& o M8 £y (I L .
= nog P o7 8 <] N
g B/ g T R (O )
o=k w5 o ™ o’ I} TG o}
iy — lany
e = = 2z Ny ) o° o w o B TR
WX o T <] P T . W T T
T T W oW oo . . T O T RO o o
BXOFE R WD ™ oo AN E %

_14_



Squeegee Ink

Screen plate

Screen Substrate

Figure 7. Screen printing process

A =9 1 T2 AR V] Foke EE /iR Ajjelld gl o]
Atk 257 P o] 8H= M 2 ol dRIAE A AR
o Y 2 Qi) Boleb kAR 3o % QAL Thssl] Wi
2] wopt WA, BAHE 5 vt A

AL 2deld] A7e XS v A9 Q1] Vs Al ek Alvk
237 ] WAUFRS ER9% EE s, Wi 4R keth
Figure 8.2 &% Al Hlo]~EQ] #AlFolty. AFA17F A9l f1A]9 3l w9 3

_15_



Squeegee Stroke direction

A7) SR BE-B) 2 ol s el mef A1 el 1 9119 Ho|AE

= 22 SA A Ed x A F99] HoAEE x A FE
A S

7|3kl skl ol
ot FFE Lew AAA =E el Aoz & 2wl ARt

o

oo oa) vJAAAZSTYH wedn. AF- vpAaal] ey



WEo gEata, vhazsl QA Atelel MAe Ao AH B

= A wEb do]AEE ddA Y wde] REdt  oeEnkE

separation start side and substrate
separation start

PR Y S W .

o a} W bd

) | s o8

e 55 A& 5% —dsdh
side ﬂ"f‘ substrate cutting frem spreading on substrate
separation screen opening

Figure 9. Process of plate separation.

_17_



gt 3t

S|
&

) 2 Q1A Abole]

9% 98
| 24E 0|47}

=]
RUN

[e)
IR et

hs

Bk ol AA 7}

0

Eis

S|
=

sl Qo HEw A

250l ¥ Byt A

i

oo gl

#
™

ek,

S

ol JFL

=

3o

ol A ol ~E &

.

sl ok

Al a1

of EEds A43s

Q4:0)7] w&

Eis

T

)

=%

)

= JrlaE=lpn

AT
- -

vl WA, 274
7 FoAESY B

4. 9L22XA

7} A%

ol
700

ol

Hol7] | Aot} o] ul, o]

ar

_18_



(1)

gl

A9

o] &% VZE =11

3

ATk AL ok 4 (2), (33 B

(2)

(3)

% By Aol

-
RN

%1714 h

s

ghup B

7k wlE

g 2 4), (5), (6)2=2 Hehddth

(4)

T x

(5)

ny

T=

_19_



= (6)

AEE A9eEe 10 /1272 e g ol ol 58 1

o Ade yekdo webd JEE A (7)), (8)9 Ao yekd 5 3l

(7)
77:%72 i(E) (8)

I V-4 5 (cm/sec) —

ol

\\\\\\\\\1

NN

Figure 10. Viscosity by share stress.

U, §AXE=RY]

QWA (thixotropy) < 18] A0]2 ©om Hel= ZAS oulsit}, 9F



=
1o,
%
do
—_&4
1o,
X
kit
N
S
oy
DN
ol
rlr
PO
o
=}
ol
=
[-‘O
i)
)
>
rlr
=,
o
[
(m
m{m
1

oX
_OL
e
a
_>|i
N,
lo
=y
BN
N
o
a
o
lo
%
ol
&

t}.
nl
e Joalt/m2) _ %)
log (D1/D2) | DL,
D2
log n
A
Tl = log (n1/n2) / log (D1/D2)
nl
g
>
8
.‘>£
n2
>log D

D1 D2
Shear rate (1/s)

Figure 11. Thixotropy index calculation.

_21_

9)



o HeA

A7IM, iz AR, wi T, i = V-1, olFhs AlERds WA

242 WEe] WEolt), ofo] ME WMYF HE

iy
N
=
E)
.
au

y(t' )= iwy exp(iwt’) (11)

o(t)= iw'yoexp(iwt)/: o (&)exp(—iwé)de 12

21 (12)5 &8 G o disl Felska 4 (13) % o] JFel€ct
o(t)= G (w)y(t) (13)

upebr 919] ofE 7k Ae FHEiEE A (14 = #ald  lvk

G (w)= iw/: & (€)exp(— iwé)de (14)

_22_



B4 wEe A (15) 9 o] i

Ho
1
o
e
X,
i,
vl

G =G+iG (15)

7N &' ¢"= A EEY A BBl FEH ¢ A ClvA
E AP WEske Fejol=®E A% YA E (Storage modulus) o2 FE41
G’ SA] YRS WEshe 54 7HIEE &4 B E (Loss modulus) o2k
gtk @S eyA] B 'R A Jla, ¢ CUAE ARs] Wi
of A whdo] Sk webA tans?] > =HC) AT S vt o
02 Flo]AExE W2 Stress YoM G0l H2 Fhs AL Ut w2
Stress@H=E 7P @9l G4 =t o]Blo R UH Stress7t 7FIXH H|o]

o] g o] A AAE vl A O 5 otk webd, 43 A

4= sEEDH ¢, @O WA R FYd 5 gtk

(16)
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1. A3

1. A Fo|AEQ A&

7b AW 3o

An e AF4do] Hold AS3IEE FAAIV] AT A=A
d-¢H 24 2F2 Flake typed A=A F9HE ARESv. Tap
density7} 2.5~3.5 g/cc, HHUAS 2.07 um, H]EHZA] 2.0~3.0
m?/gQl Sol AEje] AW 59t A9 Tap density7} 3.0~4.0 g/cc, 3
7U973L 0.34 ym, W]EHZ0C] 3.0~4.0 m?/g2] Sol AE AW 3¢
tl BE ARt A3de el obdf Figure 12.5 AW 3-¢r]9
A2 #AS SEM(Scanning electron microscope) .2 #9338l e}
W Zlo|th,

SEM HV: 15.00 kv SEM MAG: 20.00 kx
Det: SE

VEGAW TESCAN

PKNU"’
(a) Ag powder A
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SEM HV: 15.00 kv

Det: SE 2pm i
PHNU ﬂ

(b) Ag powder B
Figure 12. The SEM image of Ag powders.

Flake type®) AM $9HE A7k g1 947 35ete @0l 4
o #9 HF TEE T AT 5 YO8 AYYE Fob B2 AVAE
5% 7PE el Atk =@ Sphare type®] A i 4%
Wao] Wyl Wil AW A7 AYYE Fa APPE £ F

o

Acrylic?} PolyesterS (SK Chemicals, Korea) Z7z} AFg3}itt.
Table 2.0 o] FA=4 E4S HEMAL FA2 484 2 Az



AS 1dy3te] muA g4 ECA ((2—(2—Ethoxyethoxy)ethyl
acetate), Korea) & AF&35}3it}.

Table 2. Properties of Resin

Acrylic Polyester
Molecuular

] 33,000 35,000
weitht(Mw)

Te(°C) -15 -11
OH Value 34 26
(KOHmg/g)

Shape Pellet Sheet

Base solvent ECA ECA

o A 2 H7HA

EAlE FAl 4% HEE HAAA Y E HoFE 9EE drh
aglar AAAQ HelnES ArE A Foe sMA g
steh. ATF ] A FHFT ¥ vbE Aol dAEe A9 B
gl o] & WAsk] flsixs 2ud SAE AREsioF st whebA ECA
9} BCAZ 1:1 H|&= Z3ste] ALgaFoh 181 78 H7pA=
A3z AxE AdAsE ulelyrt +4 Polyestero] BlE Z%=7F
°kato] isocyanate EtY9] AIAE AFESIAUAL, FHOIAES A S
MAdsF7] 91eiA BYK-1112 AA66272 AHg-3t3ict.
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2. Mixing & Antifoaming
3. Milling by 3-rollmill

1. pre-mixing

Pan 7] A

Ag powder

v

71EF Azl o

AW Fo]AES] &

Figure 13. Fabrication of Ag paste.
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>
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i
fuieu)
o
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1)
flo

~
Wy 24 Agelol Bk 1 Fol, #UsAl BatE ol AES Wy
4g Ea Az whA

B Ao A= Table 3, Table 4.9} 7Zo] 27Fx2] Alv Ho|AEE
A 23

Table 3. Formulation of Acryl Paste.

- Ag powder hybrid Ag powder | Binder Solvent | Additive
ample "
conditigl 70wt% || 1lwi% | 18wi% | 1wt%
| BYK-111/
Acryl paste] Ag A/ AgB 50/20wt% Acryl ECA:BCA AA—-6627/
T sca1

Table 4. Formulation of Polyester Paste.

Sampl Ag powder hybrid | A8 powder | Binder | Solvent | Additive
ample -
condition " P R >
: BYK-111/
POVCSSr| AgA/AgB | 5020w | Polyester | iR A-6627
p ' SCA-1

a

off

AEA Ao AE AA7F AEHAE E4S A 5 YRS

A
U]

I

39

o

=
(Mw) 7} 33,0000]31, Tg —207TC, Astdo] 110CQ of=¥ nt
wAFFe] 35,0000]a1, Tg7b -11°C, Askdo] 120TCQ1 23hE

L)
2
[
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HZ It E ARSIt Ad2olA Al AHD FHE EA
ECA (2— (2—Ethoxyethoxy)ethyl Acetate) 2} 50:50wt% 233t
At ZEkAaAe] dof shEeolEo A 80TolA &alA7]aL, sAll §
A (impeller) & 24A17F 52+ wHIAAZT, mHko] gady 1}
35074 (mesh) EFe] o8 AR DE E (filtering) 8to] &3 & <
A GolglE AA sk vl & Azt

o

—

ut

rE

3.

Ay

IR 2

. dg2A 54 Bt

AEA HolA~EQ #H2ZEA (rheology) &AL o}l Figure 14.9
Rheometer (Thermo HAAKE Rheowin Pro 2.92, Germany)® =7 3}%)
ot ot 54 71#e 2E= 23To|th.

Figure 14. Photograph of rheometer.
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1% 36mm BEY #o] 54 AL AlRd Ale]e] FAS 0.8mm
2 AAsel derEE olgst Ak (viscosity) ok A ©HE

(G ), £4 #AHE(G" )E =43} shear rate 50 s7'9] 43k

2] 31 shear stress’} 0.1~1000 Pa & wje] dolHE E3) A% w4
(G )H & HHEG ) 545

1. DSC

DSCE =437l g3l Acrylic A& Polyester 4= ECAe°] &
SAIA HRRIEE REEoA AT BRow MES Axeich A
¥ AE= 130T, 30 Axs F HRIgE Foldeo] fl&Es #Axs
K. 183 DSCO 54 2&E+ —30CelA 100T7HA] 28t 54

-

o 44y 9 AE

AW FHo]AER Axd AS32E 3M HOIXZ 6108 AHE-E] m]=A)
gAEEY3 ASTM D3359A]3 (Cross—cut tape test) &2 H2EHS
SA3 Y. 28y AEyE AAAEA (FUdAE)E ALEsle] dAFF

T2 Atk o] W AbgSt AR A= obdl Fig 15.9F 2t
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Azg v HolnEE N kel AAHCY b o 100m FAZ Az
25 ¢e 25 olgArt 3¥E PETIHEC 82 HAA7|1
130CeolA 1087 ¥wAeBAzxr|z2 W dxgy  Iof 74

(substrate) & AFE3FITE o] Zlg 7@} O AESto] F TR Hol~
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E

okl

e AAH "gAeE AX7]AA 130T, 30 HAFAIZIT

Q14
71 % Figure 16.9] HE]1 H|AH (Fatigue tester, Sandol FA)E A}

gl ~Edde] ME AEAA BIE ST

i

o] W, PEle] F7]E= 50mm x Smmeo]1 QHE Ho|AES Fr=

40mo. 2 733t
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vf, Wl mE AP

Stretching test® %13 & wj Figure 17.¢] Hanteck jit FH]E AHE

st A=AS A AT 0-50% fatigue testE X33

o

0—-100%7+A] dAlS Fo]H = stretching test, 0—100%7FA A1&S
Fo] AdAES =43 stretching test 5 thekst Wy A=A test
is . o] W, fatigue tester®] #FH] %+ 0.5mm/s, 10% 7t

s 23
A0 2 stretching testE 73St}

=
o

Ot

Figure 17. Resistance test machine.
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IvV. 23 4 u3

1. Ho]AEY H&=2A 54

ofA" vy E A F3E AW Ho|AES AT AAHE H7bsk
71 9ol A% (shear rate) o WE A X (viscosity) WH3lel Ao
22 (shear stress)ol|l )3t AEHA (viscoelasticity) H3tE =43t A3}

& Figure 18.°] YERATE

100000 - 10000

] 5 —0— Acryl G"

1000 f- o -

10000 |

Viscosity(cps)
[GTG"]

1000 i i 1

I I
10 100 0.1 1 100 1000
Shear rate(1/s)

10
Shear stress(Pa)

(a) Viscosity (b) Amplitude

Figure 18. Rheology of Acryl Ag paste.

AE 2928 2 A9Ees S/ o A=rt 3484 A
R A Aol

_34_



\

of A= e

=]
RN

H Fo|AEC] F1}

=

)
G'o] G"Ht}y =7] w

| B au=

o A4

_‘|

g

= 31
= o

lo
=1

[}

=

el =

¢

o] GRT} A7 Wi

ol

il
o7

n_AIO
N
<

A<
Aeks

vl

1000

100

—e— Polyester G'
—o— Polyester G"

10
Shear stress(Pa)
(b) Amplitude

10000

100

H2 uolg 2 Axd A8 ol

—e—Polyester Paste

L

Shear 1reu\te(ﬂ/s)
2l

(a) Viscosity

3z
=

=

Figure 19. Rheology of Polyester Ag paste.
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2. HiI] 2 AW Ho]AEQ DSC

A% ECA%H 50:50wta® §3IAAH AxE uhelr g o RS A
gato] Az A solxEe] A AF Tgasks Frksl s
DSCE Z7ete] ol A#E Figure 20.9] Lebse.

Heat FlowEndo Up
Heat FlowEndo Up

10 20 30 40 50 80 70 80 20 - 10 200 30 40
Temperature(C) Temperature(T )}

(a)binder (b) Ag paste

Figure 20. DSC results of binder and Ag paste harden
for 30min at 130T

etk Aol el ek webd Awl Ho|AEE 130T 3083} 3
st} WA AHE Al ok v &

2 §A€E0E 2e & 5 Yk

r2
&
oX,
i
9
M
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3. AEA AdY FFJY 9 A=

Anl HolAES] W HAHS Hrhety] fl& U dFel 24z
An] HolAEE QIfsto] 130TelA 3023 ¥ Axskivh. dxd
MEES 3M HolZ 6105 AR&st] vwEAEAEEI S ASTM
D3359 (cross—cut tape tes)Al@E T3l Ao AI}E Figure 21.
of YeRth olad AW Fo|AES] I E HHS fHw AFNAE
selg deo] EAEHA dethe AS & 5 AT AN EElela
HZ AW Ho]~EL ME S uteld delo] EAssic. 9=
HE ofad An FHo]AEYE Ejo|AHE AH HolAERY SR
5ol ek JFHo] ¢Fstrtal & ¢ gl

(a) Acryl (b) Polyester

Figure 21. Adhesion test results of Ag paste.

A HAES YR BB} FAS BES Aol A9 7

= A% AFHE Figure 22.°0 UeEplgint. ofad Au o] rE:
glo ~H 2 AW Ho]AEE o 2BR Fo|AELY] fAX

Frt

9
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(a) Acryl (b) Polyester

Figure 22. Pencil hardness test results of Ag paste.
4. ¥ Hol2ES ARG BE AEY

2E#RQl mE AEHA W AT SHAILS IH4E A5HES
2094 3 e A% A5ES ZAYE T EF AoJrED 77
234 100% AXNES ZEZ %o, Figure 23.3 o] ¥
O odaTd AE RS AN Az A9 Aase. 4%
A7]= 8 mn X 2 mn, 1HE ] B FA= 3 m ol F FE @
OJAER IHE AFHEE AEHl g A¥ WsE SAste] ¢
< A¥E Fig 246 etk ofad AW o] AER QIS AlEo]
ZHoAHE A HolAES MERT 7] AYE WA SAHAL
100% == W AZHE A SAHAAG =8, 2028 52 34
ANNE A JoEE A SHEA
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7
Figure 23. Stretching test of Ag paste.

T80 H = Acryl 1set
140 I Acrdl 2set ol W W i N S ol R S
—a— Polyester 1set | | = ’ ;

120 [ —O— Pnl‘yestgr 2set

ET 1 R S :

Resistance(Q))

0 20 40 60 30 100
Strain(%)

Figure 24. Strain and conductivity of Ag paste.

_39_



(b) Polyester

Figure 25. SEM image of Ag pastes.
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