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A Study on Properties of Low Temperature Curing Silver

paste for Gravure off-set printing

Kyoung - jin Park

Dept. of Graphic Arts Engineering, Graduate School,

Pukyong-National University

Abstract

Current print electronic circuits or electronic components ' such as a
simple, these are expensive materials and manufacturing process 1is
very complex, expensive equipment needed to replace the conventional
lithography process technology 1s emerging as a complexX process and
the desired material directly into the desired -position without
patterning technology that ean be said as a big attraction. Production
of print and electronic technology can be applied to the clean
production and increase productivity through process and the
lithography process to reduce waste by reducing material costs
through a cost reduction can improve the competitiveness of the
product.

Due to this ubiquitous problem of screen printing to form the
foundation so, take a print of RFID tags and wireless senseodeung

Roll-to-roll technology used to produce these views based on research



and development in advanced countries have already made significant
investments. Printing of electronic devices produced by Roll-to—roll
precision processing technology and control technology is applied to
the printing i1s very cost-effective micro-geometries can be
implemented as the equipment is being evaluated. In order to function
as electronic devices, especially the dozens of existing non-dot
printing, the printing of micro-level is required. This should not be cut
off at the line so that the ink in accordance with specifications to suit
the required conditions should be established:

In this study, suitable for gravure offset printing of conductive paste
was developed. Low temperature curing and high conductivity of the

patterns formed on the flexible film with the aim ofthis study was to.
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Table 1. The Type of Conductive Paste

High temperature firing
Polymer type

type
Curing room .
. 500~12007C
temperature | temperature~200T
Conductive | Ag, Cu, graphite, Ag, Pd, Au, Pt, Cu, W,

filler carbon black Ni, RuO.

Synthetic polymer

thermoplastic : . . .
] primary binder : Acrylic,
) Acrylic,~Polyester
Binder Cellulese

thermosetting - ; .
Binder @ Glass flit
Urethane, Phenol,

Epoxy
Extra Organie solvent, Organic solvent, Oxidized
component dispering agent etc. metal

Organic matter, Metal, i |
Substrate Alumina, Ceramic, Glass

Aluminium, Silicon

ARl e ARAG go|~Eoth] =AY AR 5, 3548 E,
5 @ (carbon black), “LEFi}o] E(graphite)s ©] A& Tl vl o] =
A4 dYE BAkste] Ho]~EE Alxsh=d Uil E4td e w)
e AsH(Ee Ax)s 3 3xhA R AKFTEE HaL o] E
AF7E 24 @k vl 7S 2AS Sl deE 1A A Y
= 9gE 3o HIFeTole frlse] WA Hi Ak gl

200CAH =R v oM Aue] Zhesty] wiiel ZAE AAdd -
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BodTe ¢4 ARge duurlh-fde Ag wue w4

Ag(XF301, (F)FFthHE A&stdth -Ag 3--H((XE301, (5)FFh+<
Ht 478 277 qm, A 300 nm, AR "= 37 g/em, HIEW A 0.8 m'/g
N ZHola/ @Afe)a, AL Age E= AF o] W TV ¢kl o
Sl

Ag powderq] E5%S Table 29 HERSI A, 4SS SEM 233}
Fig. 9o YeH ATt
Table 2. The Properties of Conductive Ag Powder

Apparent density Farticle size Surface area
Shape
g/ o) () Cmt/g)
Flake 3.7 D me 7 0.8
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Fig. 9. SEM pictures of Ag powder.
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Ag

Table 3. Composition and properties of binder resins for
pastes
Type Acrylate Polyester Epoxy
Item FPL-01 FPE-104 FPE-109
_ s — ~ ‘:“f%
CH 2 .
& < 1
éJ
—+CH,—C — i
[ €y
Composition 0=¢C = ,Jﬂ__ " PRED S,
I E” I
0 e
| | P I
CH, —t— =—5
L. wal % _ =
Molecular 20,000~ Wy
] 16,000 250073100 g/eq
weight 30,000
Tg (C) -20 47 125-140(T's)
Viscosity 50,000~ 40,000~ 50,000~
(cps) 60,000 50,000 55,000
Solid (%) 50 50 50
Base ; ; .
a—"Terpineol a=Terpineol a—Terpineol
solvent
TepHlo] FA 1 A A 71 2}-213l base &A1=ZA wRly
Ao s &sl=Hol 43k, Hl A gA4¢]  a-Terpineol(Samchun
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2. 490

7}. Ag pasted +4

Ag powderst @S E¥36t7] falds A=da 7ol o A
aEstel Ag powderst #zle] F7 B S s zdskE Al
T astth. =, Ag powder7} HRQIT] #@xle] FHekel| Hlske] AUAA @S
d

- Ag powder §4AZtel 3-FH ol HsjA
A

o

R
S
M
ftlo
&
S
>
m
Lot
]
o

e AsA71A ek,
webs Aol fvpulol 4 AABHA FAL) Fiol met @
Sold) wio) G WABE A ER dE FHOE Ho|2=S
Azshglon, Ad Ag powdersh @S] FHE 7] $1ste] Resin®
TS 4% 8 T%7A 1964 S AAA F 89 Aol 2ES Azt

Ag paste®] T4 & Table 4.9 e AT

Table 4. The Formulation of Ag Paste

Ag powder(%) Resin N.V.(%) solvent
Paste(1) 75 acryl Resin 5 glycol |
Paste(2) 75 polyester Resin 5 glycol A
Paste(3) 75 epoxy Resin 5 glycolZl
Paste(4) 75 epoxy Resin 5 acetate”7)|
Paste(5) 75 epoxy Resin 5 alcohol 7|
Paste(6) 75 epoxy Resin 4 glycolZl
Paste(7) 75 epoxy Resin 6 glycol Al
Paste(8) 75 epoxy Resin 7 glycol Al
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2 A3t AE SEdelE AollA 80 T
oA 300 rpme] SEE 2AZHEF d& ZhetH A uilY FAE A
Zotdth vy A xAAolA BAG 7IEE A7 7] Sl wRkeEE ]
(PDM-300, (F9)Histel=)E AHE3ste] anb 8 &2 34& sl
mixing g4 &FH 1350 rpm, A 1200 rpmo = 2%¥-3F £33
antifoaming #7g oA &% 1200 rpm, A4 100 rpme =2 1#3F & x5S
o O % gxvt 2d Iy A4 Ag 34 E 718kl premixing
S 3 5 3-roll mill(EXAKT 80S, Germany)® 170 rpmoll A 53] <153}
o Hol~2EE &A3LA T Fig. 1061 _Ag #Ho|2=ES A|lx AHS L4
ststo] YERH AT

1. Mixing & Anti foaming
2. Milling by 3-rollmill

Binder

Paste complete

Ag powder

Mixing : Rotation 1350rpm, revolution 1100rpm
Anti foaming : Rotation 1200rpm, revolution 100rpm

Fig. 10. Manufacture process of Ag paste.

o 2o FA U3
B AT ALgE ebulel A A#7]sh aehulol B | W

o
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< Fig. 11, 1291 deplidet. Z2knjol 54 A47]( SFA(F))= wkabs

systemo. @2 AFE3t o™ 1EkH]ol =& 100 um, A7 190 um, & Zo

—

fum & AFEE oM, BEAe KMWik 3006 AES A&aklth 2e
A A¥S Table 5ol YeERUST QIf2de 2ZEH% 100mm/s, A &
T 150mm/s, HE Y 49 300 barZ 1Askdth QldE sjH-e 150T,

30min®] o2 HAxsAT

Fig. 11. Image of Gravure off-set printing machine.
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Fig. 12. Image of Gravure roll patterns.

Table 5. Specification of Blanket sheet

LOT PET silicone Ave. Swelling |Recovering]
y : : Range
BK090916-01| thickness fthickness| thickness (%) (%)
#3006 250 gm | 650 gm {901 pm 20 m 18.15 16.11
3. %% 2 24
7}, Ag Slo]2E9 &4 EA =A
Az Ag HolxES A2 KS M 5463 (=59 dste Algw
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g st
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V. 23 9 1%

1. Ag pasteq EAHA

Ag Pasteol] Al8%o]% Resin, &4 2
. #Hlel2ES F37l X FA7 AeT
& 4 3tk Ag paste®] £ S SAHT A-uldg o o] S
w2t Ag powder AHEF Q1 Hol oA m R o] A7|A i 2o wh
gt RSOl dEE S &+ AU Table 69 24| Ag paste7} =
8] 7] AlzHRE A} olnAlS B ATE A ol A Ag Flol~E S F4b
AR S HESA = Ag 3509 HAFFES 73
~T75 %ol or, 2 AFeAE Agl 3FHS S 75-%FE LAs L,

3 ol Ag Ho]|EZEE A|x3l3it) Table 4-19
EZL-zrd]7] A AR A olH A E A EA L
ATl Axzd Ag dHolaESY =% H~Tim folH o] A3

2~TmY=-3etet sl & W Ag FHolAES)

lo
of\
Ju Hu
=
=
)
Sh
r>~
oX,
o
o,
N
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Ot
ol
52

A B e ES 4 F otk AT nFE FEko] 4%E A
Paste(6)2] % 10 molA F3]7] AZstAT) ol gy sleko] Ao
AgE T3] vldetA 1§ ZAyet dddn

_29_



Table 6. The Dispersibility Results of Ag Pastes

Paste(1) Paste(2)

7 pm

Paste(3) Paste(4)

L
/

Pastlér.(.5)

-
o
o
o
[\]
o
i
)
=
1)
2]
=)
lo
of\
il
N
o
oft
oo
2
lo

THE 2Elete Alxd
Ag paste?] &4 54 2 &H F2E H7sH7] 9@ pasted #H==2FA]
& FA39 5, 1 A%E Figure 4-174-60 JeRATE Al x% Ag ]

AE 9] shear rateo] WE Axeo EAS HWH & chear rated Al =2

o
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Fig. 149 \# o] ~E(1)7(3)7}A] Resin® =7l W& Viscosity A%<
UEF AT acryl typeel resin Paste(1)9] T.I(Thixotropy’ Index)2] 74
10/50=2.495, poly ester “typePaste(2) 10/6051.147, epoxy type Paste(3)
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(RUAS
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= : * — Paste(2) poly ester resin

1000 b, ........... - F’aste(;] Epoxy resin

i i i
1 10 100

Shear rate(1/s)

Fig. 14. Shear rate dependent of Ag pastes viscosity
for kind of Resin. (Rate range : 0.1~100 1/s).
Fig. 15 /#lo]~E(3)B)7+A] &A°] FFcl wWE shear ratee] wWE

Viscosity A&= YEIHAE. Resin® T3+ epoxy typel ® A3}l
fA9 ZxHd- e EAS HESATE glycol solvent | Paste(3)9
T.I(Thixotropy = Index)e] 7.5~ 10/60=1.053, acetate solvent Paste(4)
10/50=1.036, alcohol -solvent Paste(5) 10/50=1.019% 3FF <2 &4 =%
shear rate®] Z7}ol el Fiscosity 7F 2% 8 Newtonian flowell 7}7h&

AsS BHolw, AFEAFE(G)Y Aol= mud Ao o et
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18000 ko] —w— Paste(3) Glycol binder [
14000 B —®— Paste(d) Acetate binder ||
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E 000 ‘ gz .
g & ~ e}
5 U —
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= - : ;
mnu e PR — I.L‘—l;————l O — | & & PR
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Shear rate(1/s)

Fig. 15. Shear rate dependent of Ag.pastes viscosity
for kind of Solvent. (Rate range : 0.1~100 1/s).

Fig. 160l #0]=E(3),(6)(8)7+A] Resin®] aL® ol u}Z shear rateol] wh
£ Viscosity, A% & YERHAE. Resin®] FF= epoxy typel = 14 s}
i gAY TRl WE 542 AESATE Resin® a@E o] F7HE
w}2} Thixotropy #-&ol4] Newtonian flow 45L& vi@S &9 3 4
AT Paste(6)> Pastet ol vl gko] "3t A& shear rate®l A]

JAES] interactione] WAE| HE7F =2 Ao oAtEHM, 27T

BEG)] =& Aor ofiddrh
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Fig. 16. Shear rate dependent of Ag pastes viscosity
(Rate range : 0:1~100 1/s).
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—+#— Paste(2) Polyester binder G’
—o— Paste(2) Polyester binder G"
—a— Paste(3) Epoxy binder G’
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Fig. 17. Shear stress dependent of G'& G” for Ag pastes
for kind of Resin. (stress range:0.1~1,000Pa)

Fig. 18 #Ho]£2E(3)7(5)= H|usA . Newtonian flow s S Hol+
Paste(3)7(5) & glycolZl pasteZ} B} Aol Hla] Gt &E(G)ol =4
ERSE
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Fig. 18. Shear stress dependent of G'& G” for Ag pastes
for kind of Solvent. (stress range:0.1~1,000Pa)
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Table 7. Patterns Surface Image of Ag Pastes after Gravure

off-set Printing

Paste(l) acryl resin | Paste(2) ester resin Paste(S) epoxy resin

Paste(1)7(3)2 Resin® FTFol w& A3 HAHS wustdth Acryl
Resin¥} Epoxy Resin® 749 ResinAtA|e] "zAJ o2 Q&) off-set &4
o] woju ujglo] A Ho| H|s] Polyester Resin® 745 H2Ao] vrol
Sets Aol 100% YdojuA] ol P ] HA F5e & & + 3
t}.

Paste(3)"(5)= &A42 F ol A A8s deErd A, GlycolAl
4 A9} AlcoholA] &A1 79 Eo] 100% 3= AARE, Acetate] 2]

45 "™l HAAL 100% Seto] HA FEe & F ATh ol =AY

it



EA #-bsA A4S 5 At AEE2Ade] Ed3s s TR
ot webAl OH717F 9l GlycolAl 9} alcoholAl €419 49 & &
Fotuthzh gl A EAEe =97le] OHZIE  wiEshdA
WBL(Weak Boundary Layer)E @AstWAl E3Z 3 Z2ALo]
S PASHA H o] Seto] 100% LolgS Tl g &

Paste(6)7(8)2 Pastet]®] Resin 139 %ol W& AfAES &l
Ak 1R 5% 6%2 Paste(3)3} Paste(7)9] % #Wl¥12] Sharpness
7} b e O £ ogow, nF R 4% PasteWl¢]  Ag powderZ

IR S gl anelee el Aol offdke]l Hor, setol 100%

dolupx) srol ZaFle] awel HES Yilen] Ei Sharpness® i
sholth. 799 Paste®9 729 mure] w3 slee AAMo] "ol
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Table 8. Patterns Cross Section Image of Ag Pastes after Gravure off-set
Printing

Paste(1) 7um Paste(2) 2um Paste(3) 6um

P49 e @S SEME o] &3to] &8ttt acryl resing AH§
& Paste(1)9] A% d==A Aot FdaA FA7E Tum= FHA &
A FHAom, epoxy resing AFE3F Paste(3)9] 7

AT SHAIRE polyestere] 75 A H o] FA

< dAskdHh

6umo. = Wl nl A F

N

shof o 2ume] 7
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o e Py
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ri{u:

Ag pasteE =3 S A F HAAS ARSI Ad==S
100719l A2 Yir F A= gHolER yojue] Alo] st "ol 1}
7hA] kol HA ol 943 Aoz Jasidrh W dggo] A&
= 714 A e e ngol A vAeke HH
g2 AAetA frk. AAl cross—cut testd HE Table 9ol YER ST
Resin® FFel wWE HEH TestZ Y polyester type® resine] 7F4 A
ZH o] -3kttt o] 150C 30min® A ZH2lo] A Polyester resin®]

A3t ol 71 4ets 4 AT lacryl resine E7FAA S EA u &
vF
~
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Table 9. Adhesive Result of Gravure off-set Patterns

_ Adhesive result
Kind of Ag paste
(cross—cut cell count)
Paste(1)
e 85/100
acryl
B i P 2
y resin | Paste(2) 100/100
type polyester
Paste(3
aste(3) 97/100
epoxy
Paste(6)
aste 847100
NV 4%
Paste(3)
. & ¢ 97/100
By resin NV 5%
N.V. Paste(7)
5 100/100
NV 6%
Paste(8)
2 100/100
NV 7%

Epoxy Resinel\ @ io] 4% ol5te) w g2elo] 25 dojn: A2
% %7 ek, o= Ao el Aol AW AT 5 Ut AR
= =

o mERo] gFaste] 7] Aol AAtelol 3

X
)
oz
e
i
it
Ly
L)
)
o
N
ol
ol
X
o
Auj
3

epoxy resin® A-F 1FE 6

ARG AAE DAE 100% AAATNLE, A G
2 ¥ NEZ S, Q08

=1 B
a7l AR &AE H7bsta, o] &AlE Ag2 afol &7, <
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A8 JAaek AeF aF A AW AEE AsiAFoEZA HEE 1
FERE QAs 92E wews] 44 sel A48 daE 2gAemy
B 9 -ARA el AT ey, AR AE I E AASHE, £
A7 EW Ael@ 2 Al AHNE Yol FHHE $AT A4
REsel AT w AEJL ARHEZ A2 AU Gao] MER
A e Aol A= LA ol T o3 LAS AT
ol A&l A &A AFES fig. 133 22 PHow EAA F
T E TestZ HEsIM o™, 7 ZA3E Fig. 20.91 He AT
0.45 —u— Glycol Absorptions
o 040 | —0o— Glyeol Emissions
W 035 —s—Acetate Absorptions
c ' —o— AcetateEmissions
Rl 0.30 1 —a— Alcohol Absorptions
‘.é_ 0.25 —&— Alcohol Emissions
8 0.20 : :
o 015
< o010
0.05
0.00
-0.05
T -0.10
g -0.15
S -0.20
g -0.25
£ -030
w 035
-0.40
Time (hour)
Fig. 20. Time dependent of Emissons & Absorptions
for Ag pastes
g4 o] F57ol WE T wlE TestZ 3} alcohol A2l A5 1047+ W2
2 5 uEel BRES % Fiom, FEuMEwel Mt wee u5



UTE Acetated] &A1Y A5 FF M=ol AL 10A12F Wl Fvl=
o] d5¥ES & F vt AW Glycoldl &A2 Ag FFulEo]
WA gom F4 Algko] 204%te] Ay ALA F5E AT &
T dom, GlycolAl &A417F Aol AgdeE A= od=Act o] 4
e vy o AL M E AA] 3 A3E Table 10.9] YER AT}

Table 10. Change of Gravure off-set Patterns

Glycol Solvent

50sheet

100sheet
width 110um thickness &.7um

width 110pm thickness 9n

200sheet

width 130pm thickness 7pum

Acetate

Solvent

10sheet
width 70pm thickness 7.5pm

50sheet

width 80pm thickness 6.5pum
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Variation rate(%)

Alcohol Solvent

50sheet 100sheet

width 100pm thickness 8um width 120 um thickness 7um

Rl

150sheet width 140 pm 200sheet width 175 pm

thickness 6.7pm thickness 5.5um

BO

70

60

50

40

30

20

10

-10

— Glycol
= Acetate

= alcohol

e T T — T T T
10 20 30 40 50 60 70 80 °0 100 110 120 130 140 150 160 170 180 190 200

Print sheet(chapter)
Fig. 21. Variation rate of Pattern width
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35

— Glycol
— Acetate B
30 alcohol i

25

0

Variation rate(%)

10

&0 70 20 20 1co 110 120 120 142 152 160 170 180 100 200

Print sheet(chapter)

Fig. 22. Variation rate.of Pattern thickness

GlycolAl £A|9 A A& 200 7-A] A= oF 17% B T4 <oF
23%%] Apol 7k vElwkTh ©lol H]sl acetateZ] &-A <]
e o] Tkl A’ o] vE e w50 o] % —’F
A= AR gk}, AlcogolA EASl A5 A
200 7= A o) oF 0% F7Fet e, 77
LHERE

EQ7Y s A upg bz 2 A Trel A &
Holl &= 3 A:MA A A7 e g

6. Bl 9] T7F R Il WE Ag pasted] HV|AE
73

sfee] A7) HEAS vAFeZ Ytk vlAg gk 1WA
(4-point probe)& F7AZ Akt golmz 1 sjEle] a-{AT gholth
2E B5F 10732 JERATE AFESE Resin®] 7ol WE AEAS Ha
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3l acryl type?! Paste(l)e] 9.1xX10 ‘Q.cmZ 7} ¥ AddS 71
ol Aol FZBFANE, acryl resin AA| 8] EARFO] Fol Ag 7
contact= 'WalgroN Aol FFS & G UTE polyester typedl
paste(2)7} 7Hg W2 Adde YEPHAATE. polyester typeol 75 <1444
o] 7F¢ &t o Aol ¢ S F2AE TestZ2 e} o] AspA ol

|2} dd¥Eny. 1 A3E Table 6-1
of UEFSAIL, Resin dFell W& A& Fig. 230 YRS

o
4
ol
2
D>
N
)
Lo
Q
o}
=
2
o
il
2
ftlo
oy
[}

Table 11. Conductivity of Patterns

Paste(1) 9.1<107*Q.cm Paste(5) 2.8X107°Q.cm
Paste(2) 2:3X107%Q.cm Paste(6) 3.7X107°Q.cm
Paste(3) 2.4x10 °Q.cm Paste(7) 2.3xX107°Q.cm
Paste(4) 3.6X10 °Q.cm Paste(8) 4.6%10"°Q.cm
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Fig. 23. Conductivity of Ag pastes by resin N.V.

THE 4% Paste(6)9] A9 3.7X10 *Q.cmeloH, AFFE 7%
Paste(8)2] A% 4.6x10 *Q.cmZ 7Fd =3kth Paste(6) ®lQltfe] gt
Fol AgE T HRIT A el Rl of. BT, offFI seto]
A7t A ol Mol EA-UELSTE Paste(8)2 resin®] o] wolA|H
Al Ag 79 contactS 9] WEA JEFS v HS Aot dtET)

o

B Ao A do] ] o]} Yolx]A] g Resin® ko] 6% Paste(7)
N 7 e HEA 2.3%X10 °Q.cmS YERA AT
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Gravure off-set Q1&g A3t 427433 AEA pasteE #|FsF0 oM

1. Rheology &4l W& Ag paste?] ¢4 EAS HAEZ 23} A&
(Gl 7F =2 acryl type Paste(1)o] Q12 & FA7F 7 =0, A%

HAEG)] s A FAE A

2. FAFF WE A HAS HAES LAY acryl type?) Paste(1)3} epoxy
type?]l Paste(3)e] 3j€lo} Sharpess?’t 8ttt shA|vF d7kAaA typed
Paste(1) substrate®}e] H2FE o] epoxy typeol Bls] =X &S &< &
T AA

< T35k Glycol type®] Paste(3)e] raAsRldol Al 71 3 EA4S U
ERRATE 2000 A4 214 testA I glycol typeSl Paste(3)e] A1ZH3h=
18%9] F71& Kol WhH Acetate® 73-9- S0mfol el A A7t =HA| &gk
a1, alcohol typeQ! Paste(5)9] 7d-5-9 200wjoll A HAFo] 75%7HA] F7Heh=
& 4= Ak o] A} glycol typeSl Paste(3)o] A&l 8 o] 714 -3}
Atk

4. ngE mE e HES A uFE 576%8] Pasted),(7)°]

sharpness7} 7F8 $-8990 1, 4%9] Paste(6)2 AgE vIIH e 4= = %
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