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A study on Properties of fine electrode patterns on

Gravure Offset Ag Paste.

Ah-ram Jang

Dept. of Graphic Arts Engineering, Graduate School,

Pukyong National University

Abstract

Mobile phones, “digital cameras, DVD, PDP, LCD,*~DMB and other
digital consumer electronics market grows significantly, semiconductors
and other electronic parts and equipment needs for ‘the manufacturing
process has also lchanged significantly.! IC, electronic components, LCD,
PDP, OLED, FED, SED, and the display market, in addition to
donor-acceptor type-of organic solar cells, titanium dioxide, zinc oxide,
etc.,, such as dye-sensitized solar| cells and fuel cells, even in the
energy sector of the-new As the commercialization of the production
process closer to the simplification and process are being explored to
reduce cost.

Production of printed electronics technology can be applied to the
case of cleaner production, and increase productivity by reducing
process waste from the exposure process and the material cost
reductions through cost savings can be used to improve the
competitiveness of the product. The process can enable

low-temperature plastic substrate, and through it, and so can easily

_Vi_



form a large—area thin—film process is made possible. Current specific
application (RFID, Display for the C / F, etc.) are being
commercialized in a variety of print methods to achieve this is
through. Conventional method of forming a conductive pattern usually,
but using screen printing, fine pitch screen printing by the limits of
the mask pattern is difficult to form, roll-to-roll printing hard for
high-speed printing and mass production is difficult .

The roll-to-roll printing method as an alternative to screen printing
to produce electronic devices by printing techniques that were used
traditionally in the latest technology and processing-techniques applied
to precision control are very economical to implement fine-line printing
equipment has been evaluated as . In order to function as electronic
devices, especially the 'dozens of existing micro-level of non-dot print
fine line printing is required, the line should not break at all, because
according to  the' specifications required to fit' the ink transfer
conditions should be established.

In this study of- roll-to-roll printing.conductive paste suitable for
gravure offset printing by-—developing -Ag Paste for forming fine
patterns to study the basic physical properties with the aim of this

study were to.
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Table 1. The Type of Conductive Paste

Y 7% A L3 FHo]~E | 1LY Ho|AE
Conduct Ag, Ag-Pd, Auy,
Or;.llllc N Axrd Ho Ag, Cu, Ni, C Ag~Pt, Au-Pd,
r
e Au-Pt, Cu, Ni
EE}—] ol zlo
) 3 Bt Glass Flit
Frit k=Pl as R 1 KOSIFE =
MAY A BE e
. Acryl, Epoxy,
) o1z}, Frite] 4 Ethyl Cellulose,
Binder Polyester,
Qg H = Acryl
Urethane &
AstAle] 83 Carbitol A Carbitol A
Solvents Cellosolve A Cellosolve A
A= 24
Alchol A Alchol A

_14_




[ez]
S

=
R

Ao B
H 7h

-

1

=

=

Aol ~E9] T8 kel 70780%

¥ & (Conductive Filler)
o]7] wiol sEst @ FHo|xES R4 EAS YEN

oo T e Toood oM NN T " K B P T T
2l o = i SO %o oL o .
e L %0 OU M w i 1Z__/| %o _A 0 o 9 b .W‘_ r ™
= B oo % 7 a%ﬂ% = ﬂﬂ%%#@r
N oo - 2 TR o4 P womo m WMo
m - <l %o —_— — X 0 0 :i X
o X T g T BT o~ w9
o o I :i o W e N ) = N 00 - _.ﬁ ‘.:L
O 0w ™ R LN ST, T me A N
Mo g Tt x T o T3
o No o7 o X o)) NN -, o7 o 1H RO B m@ =
= oy o N S N R e ) )| o = X 7] H
oo 2ogp 4 I, ® T &£ %5 © & T
o " L . Ar* or oo— & T 49
B B e o, ol Moo & o 2
Mt Z- T - . o %O — A 20 3| = 51 O
W B o e KR A o oK i
b ®om W [ D N B Bl 2 Moo o T T
w Lo o T e g, T U w2 D 47
Jo N O P e o o < w0 s % Mt 7 g { _ AW-L ok T X
= oo T H.W =0 T e _%V D Jo o> = o FH o B
N IS g X o9 TE RS BN Mr
% A o o F & B, T Jm¥ = X % < o
o m T op @ o Hye Ao w2 Els o om 5T oy T
B ae B OR  Weendogl W g U oy e 4 mw_
B Rt 53 %R ARE
11} - — o = £ N .
o 2 T % MME o ¢ TR o N o W S| o T oE
TR T O - T A TP P
= - i 2 0 ot o » O R £ o
CC o) e Dy W PN o T oA
N T W B o e Mo L 3 L < e
ol _ Jo Mo w o XV R K = R o K 3
AN T =i O D N, AR R I
wr%mm%7ﬂ%1ﬂ\1@mc¢ﬁwrﬁ@xﬁWﬁﬁﬂ
o _ o n i
5%&w«%@ﬁ%ﬂmﬁﬂﬁgwﬁ_ﬂﬂ% T TN
LGS = 2T g = o BB T 9T
(U SR T B o Y= S B = M N~ o BoToW o® B

_15_



™

—
fite)

o
Hr
il

oy

o
XM
&
el
o
olo
o
!

el

i

o

=
%)

il

Al %

=
=

o] Ag powder

B
i)
M

o

to

bol

oAl 7hEs

T S

[
e

LERW T, o]

KeX
=

powder?d 7% X% 7 (sphere)

sk
=

Al

=
=

& (Flake) B} + 7F4 Ag powder

Ag powder?]

3

& g

2 o)

)
=
A T3 Ag powderiz

2% Ag pasted

i
e

9] Ag powder?] 79-ol= 1F A3 paste]

ol
e

te2 38 Ag powderol Hl3] ¢

- =]
S °

o] 7}

HH =

o @ Bee

(e}

>

]

A

i)

1}, v}eld (Binder)

il

ol

3

1=
2]

wuke) v, o

™
)

=3
o

=°1 vIY7t Ag

=
=

o} o

whele o

_16_



A )

4

=
B

shejo] W F Aol vlE} Ag AAE

A R

o]
H

o

o
Mo

B

—_
fite)

)

Heow A =i g

a3

=
=

ol AX Ag 4=

3

2

Ag Q7skel

| =

o]

ol

t}. Percolation point¢} Percolation curve

o
3

gl

-
1

DEAY AN A

percolation point®?} percolation =141 o]t}.

o

A4
il
1o

KH
el

-
° =

it woh we P

3} A

Ar-w=7t Aol W

o] A= WHiA

=
=

s}

percolation point2} .

3 [en
==

ojuf o] A]

W?Conductive filler
==
= bhinder

2K

A

Percolation point

uIsal Japulq Jo 3Wn|oA,

100%

Volum of conductive filler

o

Fig. 9. Percolation Point and Percolation Curve.

_17_



7}

=]
i=i

3 =] A

)

b ogkel 9%

[e]

k)

H gojFA Hd A= A

=

Al

~
.HO

el

i

I~

@

=

& odle wolAA W wEA

5}

A

]

g

Ho|2E

ol
ToR

o)
00
%0

W
T

K
o

],]—4_‘20>

0]
R

3} 1¥& Percolation Curve}al

A

<

TH

Hob nEA} vy, 84

7]
=

=

d

P
Tl

w

Aot #22

pr

o

54 o

1

o
H

e
1E

VA Al =

b e

1

5

W 5ol A

ofy

‘umo
p
B
28
oty
|

w

g8}
)

H
3
3

oF

R

ol | A

il

A sl sl

=
= o

[e] [e]
&

A vhelele] og 2

A

2 ol

il

B

=

=

7HA

3|

%
=

[e)

L

A

ki3

= 7HAA

J

al7

—_
fite)

el
NI

)

—
fite)

el

of o}& 7pA] Alefe] mE7] Frh

¥

<0

olo

o At

_18_



o %

o
5

Al Ag v

o
steo] F2 tailtE

7}el+=

Ho]|AEe H
o 7] wpely 9}

=
=

SERE

2

=]
T

head

ki3

o o~
T

]

(e}

2}

.U_H

a2}

il

A # k. Fig. 109 ©

L
o °

o 7}

A

-
1

|

7

2
Grinding

Stabilization

Wetting

Fig. 10. Three Step of Dispersion Process.

g2

4.

Tor

e

2 2 ] (Rheology)

)

o

™
i

KR

o ~~(shear stress)®] H]

£E

(shear rate)ol]l W& #Att
24, Fig. 11°] YElH S-S A (stress—strain)oll A 7] 7] ol

g =,

9]

o

=

o

of wtetq AA 4714 F&
HAZ T8 F%(newtonian flow)S #

A

_19_



3
o
N
i)

ol

ZHAl A9, ®

Eo 3

2 A

A, w =

& A7 A

)
Al

e

ol

i
)

—
fite)

el

o] glew(dugt= AL §lAY, o}

X

<

)

B

==
0

olo

ny
2l

7 (non-newtonian fluid)

)

—
fite)

—
fite)

oo
WO

4

s

s

2l

1l O
B~ v

pseudoplastic flow)2

S (

oF

ol
gl

™

—_
fite)
el

oF

T

)A
Hr

N
Preste o

Yield value

1500

1000

500

o o ®) o
] o [\

(1-08s) oe1 Jeays

Shear stress (dyne/cm?)

Fig. 11. Material Typical S-S Curved Line.

_20_



BrE T
o R T X . o
)

ok Lo T g £ o 5 o= N M -

@Con B ) olo T = M E ura =

oy c 02980 g % 5 SR I & om R = F o

WMRE s t.wun_ — —_— — ﬂ »

B o o S Sastes B E e el X B P

& B oS 35at e R o SIF S o X T T

N ¥ il 8 = 3 & T 5 o F TR

@_4 Feigv? T oo - g 5 1N_.V| ,MrL T A AK umM W_OI ® ofF ol

00 g ° ol b (R %Mﬂw 2w

$ O (o@w S ﬁ.wq@%o%7.mﬂ

Oooﬁ)o 0 @Oo E = M ) i nmr,_ Gl o) ~ g7

™ 2 b = =2 < ,UI Tor M. ! = E 1__/l © ,Hﬁ

d..\ o O __)_ )w ] £ — i n = EMU @) um

_Q ‘.O o DF ] W %o Wm_u o _A.V_.#o ” WM o= Aqr .ﬂw V_nm B

ﬁ = - MHMT_QEQEM

o \ \ = ) oy op o = = X i % ]

p) //\anﬂ \ 2 o S i £ o = 5 = . =
| ¢/ m/ % > S Dol Y5 o o
yﬁ\ | A / & o (o it e oy o iy
! Lol et = ° 2 —
W _;Em E\ %m%ﬂy%uw%%éo
" A C o TN\ + B T ook & r 2
W S 5 b, > BouloT oy Wy
ML 9 G~ %mﬁﬂmmﬂ%o_aﬂmaw
=\ |l _.mw P53 AR Do
\= / ' § 3 W . p ) ACIR S 9
K _ _ g5 ~ oA MR o ol 3
_./.\_ » _ __ _ 5 ) P 0] ly o X % o' W Mo
~/ /../ _ _ ____ 5 2 ofF TI7, A b z < 2% - ooz

........\_ __ _ &= %0 oRR o woa
> S I . Homp g oL o - W G H ST
o m o 5 X ay ol N m —_ ay | ,UF o Yo
— X —
2 w P % 0 S N o "R
 Bg T S
X o

o] A

- 21 -

ic flow)
°o® A4 fr&(plastic
A Ero B A



oF
70

4

o

Ny

?:51_]—/]_‘14,15)

% (Bingham flow)o]g}aL

oF

o
=y

X

el

A

ol

o]

=

p—

0

B
il

el

el

Njio

—_
fite)

ol

o

o)

il

ol
@

all
I
B

™
K

N
e

——

(b

of

e
E
ol
K
7o
KR

I

5l% (static weight)e] o}y 2t

o

48 A

=

7}, 224 A &4 (Dynamic Viscoelasticity)
o)

)
H

T

olo

o5

o

%

(1.1
(1.2)
A

=

=

& ol
SR

L

ol | #

o] £ g8 (oss modulus)e] 2

A 1.3l HERH AT

1

Yosin(wt)
Gyosin(wt)
GN L

o

=

H]

B
T

stress

strain
Holm g2 A% ¥4 & (storage modulus)o]2fal F

S
>

Input

Output
7F A 113 2o o714 GE A E(rigidity) ol a2, G

. 8¢ G,

H =
T

al

—~
fite)

_22_

=

=

G'el 27



(1.3)

tans = G"/G’

NI 1)

-
1

AAZ G

e

el t) tan§zke] =29

Aol vk, whekA  tans©]

Il tan§%kol

R

i

)

o

AHA e 3

=

o
1l

B

el

s

._OE
_5 r

1A

%0

N

&y

0

o

G'ol 44

BIERVIES

G"H.t} =3I, amplitude sweep©ll A

dehis

o
=

I-G.% G'o] 7HAast7] Al

9]

°f 9

==
=

olo

AZA o Gt Grol

frequency sweepol A= ©

?;51_

Edeia= -

o =27 yEbd

_23_



G' [Pa],G" [Pa]

10004~

100

10

10°
T 102
L
O o)
©
)
i 10°
. ik v T e oo S e
g"'_ flidd symbt::)IT il G*: filled symbols
- Open symbols G*: open symbols
1072
10 100 1000 10° 10' 10?
T [Pa] - ® [radls]
(a) (b)

Fig. 13. Dynamic Viscoelasticity. Measure

((a):Amplitude Sweep, (b):Frequency Sweep).

_24_



1. A&

7}. Ag %

2 Ao s vAdS g - AEgs FojsE ded dezA 2

O
RS

sk @gel e Ag WU 2%5HE AESger @49 Flake

A(HPO202END; €927 = %)3} & 2] Spherical B(#00, INOCAM)E At

Table 2. The Properties of Conductive Ag Powder

Particle size Particle size Specific Tap
Type an.. " .
(D50) Distribution surface area density
Flake A 1.94m 3.0~4.0pm 0.8~1.3m'/g 3.0-3.5g/cnf
Spherical B 0.18um 1.0~4.0um 1.0~15m/g 2.5-3.5g/cnt
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(2-(2-Buthoxyethoxy) ethyl acetate, & A}-&3}91t}.

o

o r!:'l{: = CHy
H.C '—E‘H—CII:—O@—E:—@|? O-CH;, —Eil—(:il-;—ﬂ*@*é @ 0= CHy— {"H‘—\C}h
M, J

"

T T

REACTIVE SITE
ADHESIONREACTIVE SITE TOUGHNESS
CHEMICAL RESISTANCE
Y
HIGH TEMPERATURE
FERFORMANCE
AND RIGIDITY

Fig:-15. Composition of Epoxy.

Table 3. Composition and Properties of Binder Resin for Ag

Paste
Model name FPE-307 FPE-109
Molecular
. 1563 - 2272 2273 - 3846

weight

Tg (T) 115-125 125-132

Solid (%) 50 50
Base solvent BCA BCA
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t}. £ A (Solvent)

Gravure Off-set?] H&= % #&2X EAY ExA7e SwE 58S
stolsl7] Y&l Acetatel, GlycolZl, AlcoholAdl o] 37}A] &A4S AF&3}<]

Hol~ES Az dglon] Zhzte] BAYS 3 2% HAA} AME

of YL Fu shsivh

)

2. 490

7}. Ag pasted F+4
Ag FHSEsh A0S BRI AMAE ARG A4 e WAL
neiehe) Ag gherish de] £7 B dFe Fud wdse Aol F
stk = \sheuzt wtely dxel gad s AgAA Be A
Ag 350 fJRpre "ol AMAILL oA HO|ZE °l

ko] & w A grolal Rl Aol A ZE 2o Shrh WA el ghEfo]

AUAA B A9 Ag Ty Qe AL uhesle] AXALS A3}

2 Ao A= Flake B} 9] Ag®} Spherical EF19] Age] Bl & w&
Hol2Ee] Ay Qg Wst 3l FA 9 Aol Aold mE 1zt
Hjo] O A O TAA Aol Walel e FAre WMEEZ =43}
7l @ 6% pastes AzHAEd APATE 53] Ag powder=
70~75%0] 3 47 1500~3500°] ¥ w Ag Paste’} HH e 7L
7AAL H33ke] Table 49 7o) Ag Pasted 24 %2 by gl 230



Table 4. The Formulation of Ag Paste

Ag powder(%) Resin N.V.(%) Solvent +

Flake A | Spherical B | FPE-307 | FPE-109 Additive (%) Total
Paste 1 72 - 8 - 20 100
Paste 2 72 - 4 4 20 100
Paste 3 72 - - 8 20 100
Paste 4 73 - 3 3 21 100
Paste 5 62 10 4 4 20 100
Paste 6 52 20 4 1 20 100

1}. Ag paste A|ZHH

Hol|2E S HxeAe ¢4 448 odFA Hda A4S 7t9xdd
FE AT Zgaao @B st Yol E
C dop A QlFe & ofg3] 300 rpme] HEE
el Y-S 6AES AAEEe] 50wt% o] wEE 7H HklY FAE
Azsrdet vy Al z=fgol A TS 7EE A A7 98] wwrEE
7I(PDM-300, (F5)tiste|=)E AR&ate] urtk 51 @3 A5 Pt
mixing AN T 1350 rpm, A 1200 rpmo 2 2837 &3t &
antifoaming A4 & 1200 rpm, A 100 rpmo 2 1837+ 2323514
o 1§ gxvh 2 vkl A Ag 399 E H7SEAl premixing
S 3 % 3-roll mill(EXAKT 80S, Germany)® 170 rpmol 4] 53] 43}
of Ho]~EE AT Fig. 169 Ag #Ho|A~ES Ax A4S =243

_29_



she] Lheh gl

Resin - = : ;
1. Mixing & Antifoaming
2. Milling By 3-Roll mill

Solvent _T Ag powder L Paste complete

Mixing & Antifoaming

Additive | | T

f

Mixing : Rotation 1350rpm, Revolution 1200rpm
Antifoaming : Rotation 1200rpm, Revolution 100rpm

Fig 16. Process of Ag Paste Manufacture.

L= e =1 ] ) IR (-

2 Aol A Abg R zEtHo] e Z A 13715 Fig. 174 YERUISATH
aEulo] S Z A A7 ((F)SFA)E BEALS system©. 2 ALg39 o 1
o] & AZ 40 um, Azt 40 um, & Zo] 15um & AM&IoH,
A2 (F)Taein Chemical®] TI 7300ESE Alg3t3ict AqxzA0L 2

= 100mm/s, A £= 150mm/s, SHE = 120 bar® 125kt
A ¥ AL 130T, 15mine] Ao Z Axsgiey
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Fig. 17. Image of Gravure off-set Printing Machine.

Hell o Aste], &2 Zol7l 0~25 m7tA 4T F de dEAet =~
AHHE Ho] d+= Grindometer (Cat. No. PD-1510) (Germany)S A&
ste] A3ttt Eake] HA ks Wl A 9§ F3e] yERY

=1, °]Z Videomicroscope (Alphasystec, Korea)E ©]&3}o] 100v] & =

=4shen.
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Table 5. The Dispersibility Results of Ag Pastes.

Paste(1) Paste(2)

Paste(3) Paste(4)
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Table 6. Patterns Surface Image of Ag Pastes after

Gravure Off-set Printing

Sheet 10 sheet 50 sheet

Paste (1)

Paste (2)

Paste (3)

Paste (4)

Paste (5)

Paste (6)
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Table 7. Adhesive Result of Gravure Off-set Patterns

Adhesive result
Ag paste (cross—cut cell count)
Paste(1) 100/100
Paste(2) 100/100
Paste(3) 100/100
Paste(4) 100/100
Paste(5) 97/100
Paste(6) 93/100
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Table 8.-Conductivity of Patterns.

Paste(1) 4.4X107°Q.cm Paste(4) 3.8X10"°Q.cm
Paste(2) 4,1%1075Q.cm Paste(5) 4.6X10°Q.cm
Paste(3) 3.7<8 ?Q.cm Paste(6) 4.8%107°Q.cm
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