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Abstract

We have manufactured Ag pastes for gravure printing by adding different solvent
contents. Then the gravure printability and properties of conductive patterns
gravure-printed by the different rheology characteristics of pastes were investigated.
The dispersity of pastes was increased and the viscosity and shear rate dependence
of viscosity for pastes were decreased by increasing the solvent content. Also
storage modulus G’, loss modulus G” and angular frequency value when G” starts to
be bigger than G’ of pastes were increased by decreasing the solvent content. These
mean a flow drop of paste. As a result of gravure printing using two plates which
have different line counts(175line and 350line), conductive patterns printed using
175line were spreaded more but Ag packing, thickness and conductivity of the
conductive patterns were better than those printed using 350line. And the spread

values of conductive patterns were increased with solvent contents but the best
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properties for Ag packing, surface roughness and conductivity of the conductive
pattern were obtained by paste (3) which has 550cps of viscosity at 100s' and tan &
> 1 at 10rad/s. As a result of gravure printing using 350 line plate and paste (3),
the conductive pattern has 1.2um of film thickness and 1.9x107°Q - cm of conductivity

1. A/ &

AR Y 2Fd o] AL F53 HARS A3 SoA vzl HAE AF3SIL
A 1009 d7 % IAxe ZFEEE, AVtFoes Bad FH 9 A oldl
CRT(Cathode Ray Tube)7} 1A1t) tlAZgol2 taZgo] ANFS Fopstgon? &
A 14 ga=Fole @] & R =2 AvdAEE BE% 2Ht d2&d 9]
9l LCD(Liquid Crystal Display), PDP(Plasma Display Panel), OLED(Organic Light
Emitting Diode) ¢ % tJ2Z ¥ o](FPD : Flat Panel Display)’} FH& o|F1 ¢
o}, 28y H3d faFdgole w8 7S ol 8o HAA AR i, §yol &
7bFestm Fdidtr|7t o3 @3S R vk A olF KBS 34 g AEdol®
W EAAE aEPol(flexible display)7t @4 ol ATHA T Yrk” ol EAA|
£ H&aEdold Az ez ¥ Az driet E9A =4 WEf roll to roll printing
Hol zt42 3 k¥ Roll to roll printing'd< FAsIAE rolis] #AZ oA &7
&7 wWEo 1&g A7 bt AAbAde] =1 Az B B AHE HA I 9l
vt 7t=9] 32 A4, RFID9 ¢elv 32 14 2 LCD, OTFT, AAEe] 5 HEE
Folo] AHEEHE ZAAEG 717 9o e X ZyA Fe&gn gkt

£ dFo A= oleld roll to roll printing®4 % ehHo] AHYE AdHste] HAx
A JEHE AsHT olE H3 gknjo] QM8 Ag pasteE AZd R, Ag paste]
S22 EA4d W agHo] A A 2 dxA ddd A4S HESSH

s

2.2 9

2-1. 49 A=

B AYoAE AEA HY2M Ag powder(Silver platelet, (FIEFANE A&
H flake type® Ag B+ H Y730 3m, Y B¥7 2~Tum, 2E7] 9% 3.7g/cm,
HEHA 08m'/ge EAS 23 Aok 8 A3 ALE-$ Ag powderd IS Fig. 1
o e AT

a2l B2 e Ag H8dd f-54 2 PET &< JJd4A g&2E & Hosl7)
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A&ty ZAAHZ FAHS-300N, (F)SHALA)E vy FAE AFGadn. 3 <l
AL 237 93 34 A 2 EEA(Ethoxyethyl acetate, ()47 3}8H)E AFE-3}4 )

Fig. 1. The SEM image of conductive Ag powder.

2-2. Paste A%

2 A3YdA = Table 13 22 v E Ig4H|o] A& Ag paste (1)~A)E Ax
3t th. Ag powderet X R vl &2 AdAHINA 3, |49 TS Loz
M Ag pasted] HAEEZA EAAE UEA R, I AX £AE Fig. 29 2o WA &
ol 2H 2 FX 9 A2Fo £AE pre-mixingdltil, I %o Ag BHE Yo wukA

£ 3-roll-mill(EXAKT 80S)& o]&3sla] Ag " E EAA 71t 24 dof 344
9l £A41E Yo EFFo 2N Ag pasteE: &A AT

Table 1. The Formulation of Ag Pastes

Ag Powder |[Polyvester Resin EEA
Paste(1) 82% 18% 51phr
Paste(2) 82% 18% 3Mphr
Paste(3) 82% 18% 30phr
Paste(4) 82% 18% 24phr

2-3. 1edlo] A7 & AH=x=A

2 A A= Ag pasteE ©]&ste] zetdjo] QAHE 37| 3 A =z 93
ATd A4 (line count)’t Y& 2F /(17543 3504)e] 1Epn]o] A HS ol &3
o] u] AFE3SE Q7] 2eku]o] QA4 A7) Gravo-proof(Nissio Gravure, Japan)©] i,
o3 AL < 4= 05MPa, 94 £& 30m/minZE dtgen], ¢ddd AxA HHL
120C, 183 Az
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Polyester Resin 1. Mixing & Antifoaming
2. Milling By 3-Roll Mill
Solvent v Solvent T Paste Complete
Ag Powder Mixing & Antifoaming

Mixing : Rotation 1350rpm, Revolution 1100rpm
Antifoaming @ Rotation 1200rpm, Revolution 100rpm

Fig. 2. The manufacture process of Ag paste.

2-4. &4
2-4-1. Ag paste?] # =2 54

agha|e] A& Ag pasted] BFE=ZA 5442 HAAKE RheoScope 1(HAAKE, Germany)
S o] &3l FASPY. old A AMe= FHo] 3vbmme HYPHe|ln AR 7HFL
0.8mE AP, & 2= 23CE 39t Pasted AE AEL AY £5 &
01—-1003‘11 Aoz ZAHD, B4 AEAd2 1Pad A SHsdA ZHF5

E 0.1 ~100rad/sE WHIA o 2ZH paste-4 A& (G)H 484 8(G)E &4

5?93\‘3}.

2-4-2. Ag paste®] ®4F E4

Tefn)o] QI8 Ag pastee] #41 %—*é% KS M 5463(k 59 sl Alg9H)o 9
Asted, &9 o7t 0~25m7tA & A+ A=A 23HHE HoQl+=
grindometer(BYK Gardner, Germany)& A}-83l A3t} Paste?} & #45A &
= A5, S dAd s F3(scratch)e] HEIU=TH, ol HEIUYE A& vlHL
nlo] A2 2~ 3 X (Alphasystec, Korea)& Al&3t] #Fso=24 4 A E Bdag,

o}d
NSL
4>
yo

2-4-3. x4 Q9 =4

w A3l A|=3F Ag pastes 01%3}01 o] A4 AEA dEHE AHds
17533 22l 35049 Zetnlo] AW Mo wet HAAL, Ag #HAAH 2 29 H
d, AZIHEAL S AESRT. AEA 341’%14 HAAL S HHQ wolag2axs o]fst
o 10 Hi&=2 RAL @95l dE 27l dig HA AEE SAHso AdsiA e, A
=3 oM Ag HE9 dAAHS 50 wiEe T3 23S T FHHe Lo HEEAH
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A =3 JA4% A=A dHdde ¥H HIAH ¥ F4 = SEM(Hitachi S-2400,
Z2Hstgoen, o b 7I& AL 10kV, 54 wl&S 3,000
A7 A=AL ZTHAT FA7](CMT-series, Korea)E ©| &
3t} 4-point probe “‘o’\ °ﬂ 3 HAYS S=AHTFA D, HEe] =u FAE o] &8t v

Agow BAFATH

1o

3. 243 @ nF

3-1. Ag paste?] 24 EA4

B AgoA Azg agb]o] QA8 Ag pasted w4 EAH4S HET 2, Ag paste
o] &A FFo] F7IE wet #AHgdo]l FFIAEE & F AT o] pasteF2] &A
o] F71gel wel Ag ZHE A & e vdn Y 4ol FUeA HiL, oA
Ag Bt A5 a8&E AAPoZN A g 73 AL E Alsdr

Paste Grindometer Position Scratch
Paste(1) oym
Paste(2) 7 pm
Paste(3) 81
Paste(4) |} 10¢m

Fig. 3. The dispersity results of Ag pastes.
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3-2. Ag paste?] d2=2x 54

2 AgoA Az aepu|o] AH-E Ag paste?| HL=A F5A-E Fig. 49 59 744
ety 9ith Fig. 45 AdE T WE pasted AE A3E YeEd ZIYPZ2H, &4 9
gtako] Z 713t wat pasted HEZF FAade AT FAld dE Sxo WSl o E
Hx W37} 3o} shear thinning index’} &3 ¢S & 4 A o FH7ld &
Aol 23 Ag B & vl FX7He S F Lol Folg0] 2E e UE #=x
FAJo] oo ZM pasted] =7 A $x9 Wil oE3A] = o= AEE
t}. ol 4719 Fig. 39 A9z dXAdte Aoz dUutx o2 pasted] B4 54 0]
=42 shear thinning index”} A €S ¢ & JUT. E HEHA A AZFH paste
So AT AY &% 100s oA paste (1)°] 64cps, paste (2)7} 296cps, paste (3)°]
550cps, paste (4)7} 900cpsE Z+ZF YeER A

l

Viscosity(cps)

- I

S

I“1 l ‘D — L”“‘llm
Sheer rate(1/s)

Fig. 4. The shear rate dependence of viscosity for Ag pastes.
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Fig. 5& 1Pa¢] A4 &H3lolA ZF g ME pasted AFHAFE(G)
A&(GNE vebd a2 Z2H, &A9 FFol S weE G’ G0l HAF
& & Aok =2 &A FFe] SlphrE 7Y B paste (D9 B, S o
G"o] &4e YetdlE G'o b8 ZAFos Agge 24 & & HEhlaL flil(tan 6
> 1), paste (2)~)9] A, ¥ zZtFaa dHdA G'7F G"Eo #ASHAY 2 #s
UJetdart 43471 St we 2 gl gAHE AS & 7 AT o|¥}A G

o

_44....



a#pule] AN E Ag Pasted] Ho 2 HAH Ba AE4 W 84 97

& Qe ARes AFRE e gA9 ol naFel W} 2 He A
2 ¢ % AT ol AL A9 FHo| FAVFS Ag BT EE AgE XL Y&
o #agol A o Be BT Tz FA4HA HIL, oldF T
AFas GYME G'o) (RT 2 e dehydt 1}—.—4—}%7} 2713l
wep 1 F27F dAHe] Gro] G'RYh E %e Ued Aoz ARdrh £ 1 T
o A7|7t 245 o 2 AFH5E AakA o] ¢ dHEE AL ¢ ¢ JAUTh

-!N

8

i
=]

=N

2

g

Storage modulus G' & Loss modulus G" (Pa)

7

Angular freqpency o (rad's)

Fig. 5. The angular frequency dependence of storage & loss modulus at shear

stress of 1Pa for Ag pastes.

3-3. A=A vde E4

- Ao Az agrlo] A& Ag pasteE o|&3st A2 HE AR HTE Z
= 2%7Y Agoez gdle] Iy Z=E Fig. 65 79 YUY, HA Fig. 62
Tekelo] A EH A=A HHe FAS FF3 ol Aoz, &4 Hlg AqH A=
o] gdlg HJEE HH & (spread value)E YHERACT. ddtd oz Ho|AEY #HQREX
574 ¥ Fig. 59 frequency sweepll A ©A49 4dS& Yeldle G7F A 428 4
Ble G € 49(tan & < Y& pasted] 3848 £X £l GV 'Ry &
A$-(tan § > 1)l paste?] ZEAHL 9z A Aoy wrp® B A8 A
N A paste®] &A| o] 5lphr2 713 T paste (1)9] A9, Fig. 59lA 34+ A
I A tan 6 > 10|, WA pasted] ZEHL w9 FHAT o)HE ¢
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gt 3 EAel o3 Tzl AdA HAHAE R o|%H+= pasted] ¥E BA Ho| Lz}
o] A9 sHde HFAE&L 7HF A HA E3F & pasted] AFoE, 49
g#Fo] F71%d WM pasted] TEAE FUtst #HE 9 HA&E A Frheoh o
2t gA9 dhgko] 24phrZ 71 2 paste (4)9 A S, 35042 A BoA ¥ F &
5% 2 713 %S ¢ 7 AJG AR Ao oE Hue HAgeS 59, B AY
MM ARES Az &7k Ao BS, AR A7t AS5F pasteZl A E Ao E3
Qol= AA Ha, AH Ayt 45 o 9yt "ok gEs A 17549 F S,
Aol F3 Zo|7l A 3504 s} A A o5 Mo AR pasted] ¥
ZA Ho] JHdE Y AZEE FUMEMA HUATh Fig. 791 kvl AAE o€ 9
B3 @dvl4d AR # di"E gdH e SEM AMRE YERAY. B3 8073 ARzl FE F
HEE Yol BEFE AEA #iEHe Ag #HAAAHe £A XS ¢ + JdedH, A A
THE = pasted] Fo|Fo] B 1754 0] 35040 Hls] FHFA o] 3 AL, pasteB =
= 84 gzFo] 30phrel paste (3)o] 71 AT &4 o] 7HE B-E paste (1)
o] A%, Fig. 694 = B ¢ X0l 4% pasted] TEA & AP oA IAH
A2 HolH & pasted] ¥ 7 Boy, tFe &AV Ax FRA FEE o
LA 7F AR PA FA A FFo] HASA H Ag AL FA EskAoh 7 350
Agel 749, dde dd AR E HEeA] X3 =4S B 5 AT 28 &4
geFol 24phr2 7Hd ZE& paste (4)9] -, Fig. b= & 5 AX°] paste7t =2
G'H G'E Ze AFY FAd G'7F G'E gH&r] A& dFas = B AA
paste?] EFEE FA ZEE & 7+ AU 2o @} Heold paste?] F= FHA Ho
Fig. 7914 & & AXxo] A X8 Ag #ZAT B4 FIAH S Holz Yot wEpA
A s HAANA = §A FEol 7HE AL paste )7} FART, Ag A R
EW J8571x] AES A7 100s A 550cpsE 2t 10rad/solAd G"7F G'E A A3l
tan & > 1°] & paste (3)9] v} A HAo] 7ME 4TS & F AU
agkd)e] AlE AxA Y A7 A=A AFAE Table 29 YeE AT, AH A
S Z & pasted] Mo|Fo] Wol AxA wEHe Ag #jF Aol 8, =T FAVL
FALE 17549 ZA9-7F 3504 Hlg) ARk o2 & HEAHES UEtlA 2w, paste 2
2= Fig. 74 $58 Ag #1214 2 2o HFBAHL Uetd paste (3)°] 1.2x10°~
19x10°Q - cm® ¥IAEFE 7HA 71 53 AEAS JERAT ol s sHe A7
AEAL Ag pasted] HE2ZA EAo w2 gnulo AHH AP #AHE A= A4
2 o] 43l pasted] o] BEA 2 Ag #HFgo] 53 pastedTE ATA HE A
Ag &j7te] =4 sa7t & gAAH 538 Hy] AxAE UEd Aox A4En
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Spread Results of Conductive Patterns
Paste
No. : Spread : Spread
175 Iime Value(9%) 350 Iine Value(%)
Past
?f)e 100% 90%
Past
?zs)e 90% 50%
Paste
(3) 60% 20%
Paste
() 40% 15%
P Spread value (%)
= { printed pattern length / sample pattern length x 100 } - 100
P The less spread value is, the better printability results will be.

Fig. 6. The spread results of conductive patterns printed using Ag pastes.
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The Packing Density Paste No.
Image of Conductive
Pattern Paste(1) Paste(2) Paste(3) Paste(4)
Transmission
Image
175
hne
SEM Image
Cross-section
Transmission [
Image
350
line
SEM Image
Cross—section

Fig. 7. The packing density images of conductive patterns printed using Ag pastes.

Table 2. The Conductivities of Conductive Patterns

Paste No. Conductivity of 1751line Conductivity of 350 line=J
Paste(1) o 3.?2;10_49 - cm 58x107'Q - c;—
Paste(2) 2.8x107°Q - cm 6.8x10°Q - cm
Paste(3) 1.2x107°Q - cm 1.9x10°Q - cm
Paste(4) 39x10°Q - cm 1.2x107°Q - cm
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4. 4 £

Ao &4 FFS 2Elg agvo] A8 Ag pasted AXd I LS A
Ax, &4 o] FUELE Ag HHE ARFE vkl o] FUhsld Ag
He] A5 Fgo] AslE o 2ZMA pasted] EAF A2 FAAFHUCE EF pasted] HLLEA
EAA A o]l FEe] whE)l paste? AT B G £E9 WA Uit H:
ol&Ao] AR a1 T3 A A, &4 FFo] LTS F pasted G'H
G'e 71893, G"7F G'E |AEY] AFste T gx S/, o g g
22X AFL &A1Y Fste] wEl Ag B == AgE AT vlY FA e A
Zgol ZAAardte, 250 A3 BE F2IF FAA H2EMN pasted] EEA ] F4H
Ao g Algdr} olEg doEX AES ZE pasteE o] &3t AFd Mo WE O
ghalo] AHE I Ay A5 176540] A4 35040 HlE ABAoA pasteZt
AYPAE Aol = D Zojrt AA vl B paste’} AAX T FAHAZ HojE o]
et A4 HEe] HAEo] FUMet, Agd #HAAH 2 = FAV 2=A He RE
4 4 AN} E3F pasted] £A FFol F/1EFE pasted] HLLEA AFAAE LE
S5ol 35 F7isted aEnle] AAE #HE HAEE FUHEATE 2EHY &4
gt2Fo] 5lphrZ 713 %2 paste (1)9] A%, pasted] Aol @orl th#e &A7F A
Z FAANA Fadd ug LAV AAJYE FAAA FFo] HASY AEA wE 9
Ag HAZ 2 o] HIAHL FA E3ET. £ A Tl 2phrE AW Sk
100s ‘oA 900cpsel & FEs 53 HaAoM G7F G'E A do & 5z
I #E ZE paste D9 B$, pasted] TEAo] FA X9 AEA AHY HAES
713 ZA JErRAIRE Ag A 2 v 4L A XA aEH|o dA R
Ay #dEe) A7) Axd 23, AR Ao £ 2 ZHol7l M pasted] HolFo] W
Al 17649 Z$7F 35040 Hl& A7) AxAo]l 3R EF pasteHEE
o

Hrl
0 o rlo

7t

N

100s ‘el A 550cpse] HEE Z+a, 10rad/sNA G"7F G'E 13t tan 6 > 1°] H+&
paste (3)8] A=A #Eo] Ag WA 2 EH HEAHAA 3l Ag "ol =4
HAE A FAFOoZN 12x10°~19x107°Q - em HIAZYL zE= Ay] ALAo) 713
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