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Abstract: Currently, functional patterns are formed by screen printing on stretchable films, and they are
applied to wearable and stretchable devices. In this study, three types of silver paste were prepared
using three polyester binders with different Tg and molecular weights in order to impart elasticity to the
conductive pattern itself. Rheological properties and DSC measurements were performed for each silver
paste. Then, each silver paste was screen printing and cured by an IR dryer to evaluate adhesive
strength, pencil hardness, resistance and surface shape change according to strain. As a result, it was
found that the silver paste using a binder with a low Tg and a high molecular weight has the smallest
resistance change depending on the strain. Namely, it was found that it is most preferable to use a
binder with a low Tg and a high molecular weight as the stretchable electrode.

Key Words : Urethane film, Silver paste, screen printing, stretchable electrode

1. M 2 o} E3 9F Fo ~Axx A7 2 JELE S
of ZWe Zok2 AMHA JloH, do g I4
Ho] glojelE A o] ICT(Information and 8782 AL=Z 7=l At

Communication Technology)@'d HE|2 ZA F& FHZoll & o2 7HA] Hupo] oA A8t
wy 9tk =ZA BEFsd _ﬁAm]ur ol ey v WS VISR o - AN AE 25 A
2 gEEE ZAVSY 2HSe E dulo)xg & T AAIZEE ARoth o 7l&d AXdde 4
s22e8 333, °| 53 (smart wear)Og gz 98 2 2A0 ARl EARH. 53 A=
He A 987%5¢ F8A8E gurtojzrt gl CIAE =RE ARSIZE AU wEel ol ek

weert W E F(WAA AL - 2 FAE S| B 583 okt Hyo-Zun  Park(corresponding  author) : Energy &
Ar Enviorment division.
E-mail : phz8307@komsco.com, Tel : 053-819-2356
*Su-Yong Nam, Bo-Seok Kwon : Department of Graphic Arts
Information Engineering, Pukyong National University.
R AR YEITHARJISZ NS **Hyun-Jin Nam : Graduate School of NID Fusion Technology,
k7). - BAY Sy A 5 Fsty) Seoul National University of Science and Technology.
***Ki-Woo Nam : Department of Materials Science and
Engineering, Pukyong National University.

E-mail : phz8307@komsco.com, Tel : 053-819-2356
*‘E:"“r‘% HRA . BAG e 0]54]%4;_1%1—34

64 C=EFHI|ASHRR M22H M1z, 2018 2¢


https://crossmark.crossref.org/dialog/?doi=10.9726/kspse.2018.22.1.064&domain=http://kspse.org/&uri_scheme=http:&cm_version=v1.5

P48 - HEA g

g

AR wE

G

22 A A o](healthcare) Hl|ZU 227} IoT(Internet 2 FE Y3 viQIGE A z3HATH £
of Things)& =2 T Aol €42 oz 7tjd  AHEE Zjo=E & nldlee] B4
o oo} e B JFAE 71EY Aol Table 19 YERHIATH

AAARS] AFAols ARe Aol 27w

T 9tk = wreAg A A E) 2o A% Table 1 Physical properties of binder polymers

Aol A
J 2l 5k

g

o] Aol ojsiA Wyt HastE i, ghowA . Glgs§ Mole weight| Softening
_ Binder transition o
A Aok S AETe WSl & emp(C) | MW | temp(C)
T AT AAHE FHA £FAS AFHE pingerr) |16 43,000 140
Al 2 dHE aednE of 0% BRI Mpigea) | 11 38,000 120
5 A ] 5)
R RHAIE of 80%7’”] L7553 A Binder(3) 10 29,000 110

H3 Azl AFEE AAs E9A
E3ta AFAol =& BR olgt JMsd AVt
Aol AFel a7HI U7l wEel AfAA
(printed electronics) 7]1&°] &% Jr}.b7
s 7 dATeAE doHE FAEs A%
A=oide 447171 Al S8 ARSAA
g A8k Yol oyt AW Ho|~E A
2R A4S ved F e 548 93]
A3 A Tg(glass transition temperature) 2 Bxjako]
M2 BE 37k ZYolzE o HlIbE ol &
skl 33Fe AW Hol2EE Az Az
dH AW Ho]2Ed dajA A HezA 54
37} 9 DSC(Differential Scanning Calorimeter) <
dS AAskith 2ol Zhzte] An Fo|2EE
238 QA 8te] IR(nfrared) AZR7|E A3AZ1
Fol HARY 8 AR, A(strain)oll ©E A
g2 gl W P4 wstel disiA Frlskd

A = 2 ;10 " | VEGAN TESCAN
2.4 #o '

Heosung Mstal. Ll

2.1 &b HO|AEE HIRIH ¥ AH oM
2 AFdAE A FHo|2EE AxT o A

&3 it e BAEFS Tg7t A2 tE 3FR/2
Eeolay @ 24T Assdt 3359 57

2 ARigE Axd we 474 FAs 84

(ECA:(2-(2-Ethoxyethoxy) ethyl Acetate))E 50:50

wt% E3sto] &8l WA JAHE wrkstd ! et

A 24A7E E FANAG. ol 547 o T

o Hk3o] o] YUEE 2= 70CE AA (c) Ag-3

3tk g3lE A5 400 w4 Ze ol =E WA Fig. 1 SEM images of silver powders of three types

ot =27| 4| Zery x| H223 A1, 2018 2 65



Ef

=

=l

[

Al

ST T AUME M

Fig. 19 tErIieh. A=A selel
Fhste] AANRE WAE A 7Fe)
s FAA7) ANA flat @ 15F

¢} A2 2717 AE OE flake & 257/, ©| 37}
Aol AW e E st AHEsHATh

Sl

packing

2.2 &H HO|IAENX ¥ HSE2X| §M HI|

2 AFoA AW Ho]~EE A|ZxET W= Fig
Lol Yepd 3712 AW SeuE EF3te AE
stRom, I FAHA EFHIE Table 20 YEL
Woh & Hlkive Tg ¥ B4 22 84

Edo] A& AF = oW FFE A=
AE Fetstr] A vIn Y] FRT TE2A
st AW g9 £gH, &4, IrAle Y
g AS AHESEATh
Table 2 Hybrid condition of Ag particals and
formulation of Ag paste
Ag Ag}I}l?nger p oev%ler Binder | Solvent | Additive
Paste | Condition | 70wt% | 10wt% | 19wt% | 1wt%
Ag .
Paste Ag;i/A3g-2/ 15/1%//40 Bnider ECA |IBYK-180
1) g- wt% 1)
Ag .
Ag-1/Ag-2/| 15/15/40 | Binder
P(azs)te Ags wive | () | ECA [BYK-180
A .
Ag-1/Ag-2/ 15/15/40 | Binder
P(a3s)te Ags | wie | ()| ECA [BYK-180
A Hol2E AzPHe WA 479 e
Yo ARE wRIC] §A4, BAA, B
£ Alelel QAR 14 NN 2 Fol
of IS YASHA AW FPHE LY
5qlste] 24 B4 L gudTh o AHE of 24
7 5 U4 AAX 334 4L gRa o
@i B4ol ghaE Am HoAE o] Aw
SUE whelele] 14YAE FASHA LAA ]
7] $18lA mA et 2 3Roll Mill2 53] A&H o
2 E2NZL Fo] EXRE 24417 e AA A
Ax An] Ho|2E AxE <EIIIAUTH
66 TtaEHI|AZERX| M22H M1z, 2018 2¥

Ha

7ts

ol

b3

Jm
0x

| Resin dissolution ‘

I

‘ Binder filtering ‘

’

| Binder + Solvent Mixing |

|
| Ag powder Mixing |

| 3 Roll mill |
I

| Ball mil |

|

Paste manufacturing

completed

Fig. 2 Preparation process of Ag paste

ol#g WHoT AzxH AW FHolrES Y&
2x B4 Hre Haake

Rheowin Pro 2.92, Germany)Z Z743}ch o]uf
L E 23CE A

-

Rheometer(Thermo

%%

2.3 Hieln 3 e HOo|AEQ| DSCEHE
ZHol2=H ¥ FAE ECA°l &A1 HIQIH
Fig. 29} 22 oz Axd AW HolzE
el flel 239
IRAZ7IZ 130T ol A
A 2Fsl At Az =9t
DSCE& AlE< A8t olw 54 == -

0T oA +80C 1A ZH3AT

=
=
ol o

=
=
=

=

=

N

2.4 M= IiE mMF

Fig. 29} 22 WRyog Axy A Holx
Z polyester 250 "4 HALE AHE 23U
o] g3t 237 AMPLR AT HES A
Atk olwl ARES JAls AEAe]l 200% ©l
713k de E 150 mS AFREHT o)
dgt 28 Zdd HAHES
LEAZIIAA 130CAA 58 A g Fof
AHEEIAY. A Hol2EE QM3 T H3E
Yale IRAZ71Z 130C oA 1087 AXA 7T

S o m

[e]
+

FEN717]1 A A



AA 1 mm 202 QAHE HEY HAEAHS =A
371 A kol o(wire)E F2H3E ALZS Fig. 3
o LberygTh

Fig. 3 Electrode pattern produced by screen printing
on polyurethane film
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Fig. 5 Shear rate vs. Viscosities plot of Ag paste
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Table 3 Viscosity and TI(thixotropy index) for Ag paste
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E O gyos AgUJdAS FE] 9
A A3 H(shear stress)e] F7lol| WE BAE
54 A% A2HE Fig 69 UERlth AdE
go] I7HEFE 7 HolzES AR BAE
(G"storage  modules)® &4 B E(G"loss

modules)oll = 3FF9| #Ho|x=ET} zto|r} HEE
< & & Atk F uRige) BEajgo] FE&4=
A% dggol EA Jvepa gtk o]z uil
ge] Extgo] Zom AW AT packing U
=7t &8 AEE A wWiolgty diEh
a3y Mg 29 = Az}e} viz7bA 2
20Pa ©]7e] &jgo] 7ta A& Wi 37kA A

A% B gol &4 wdeT A7

IR

™

o|1E BT

=
He GG eE 4% #5548 UEY
I Q7] wjEel =39 AT 23ZY(opening)©ll
EZ4o] $48 Ao WeED: duHow ~
Y AR exyol Uiz BEEAdo] FA ¥
ASoE 100Pa AFTY 2E# 27t sbefd Wyt
A== BHG<GMel YERA Hrt
10000
—m—Ag Paste (1) G'
—0—Ag Paste (1) G"
B et 1
1000 L,’.‘:r::::r::..‘.‘” Z Ag Paste (3) G
ReG0naas e 7 Eaéﬁn Ag Paste (3) G
_ e,
™ ‘e o
?v' 100 b W 3:5'&8'565‘6«5—%655
L}
\\
e Tassesinne,
1 1 1 1
10 100 1000
Stress (Pa)
Fig. 6 Shear stress vs. Storage modulus and loss
modulus plot of Ag paste
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