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A characterization study according to process conditions
of photosensitive silver paste

Yoon Hoe Kim

Department of Graphic Arts Engineering, Graduate School,

Pukyong National University

Abstract

The same photosensitive silver pastes obtain different result values if
each process condition 1s set differently. In order to study the material
property according to the process condition of the photosensitive paste, the
photosensitive paste was fixed to be one type and the experiment was
performed. After printing the screen, the condition applied was changed
in the order of pre—heat treatment process, UV exposure process and
post-heat treatment and the following conclusion could be gained
according to the result of it. The specific resistance and developing
results according to the pre—heat treatment process came out different
according to each process condition and thus it could be known that the
pre—heat treatment process affects the specific resistance and developing.

The specific resistance and the developing result had a certain

_Vi_



direction. As the temperature was high and the time is short, the
specific resistance was low and the developing was good. In the UV
exposure process also, the specific resistance result was different
according to the pre-heat treatment process condition even in the
same UV exposure amount, but in overall, the specific resistance result
was lower as the UV exposure amount becomes higher. In the 200
mJ/cmZ, the pattern could not penetrated into deep places and inner
hardening was not made and thus patterns were lost in the
developing-washing process and in the 400 mJ/cmZ, the exposure was
too extensive and affected the developing, due to which the pattern got
spreaded. As a result of it, as the UV exposure amount was big, the
specific resistance came out low. In the post heat treatment process,
the specific resistance was high as the temperature was high and the
time was long and was lower in the 400 mJ]/cm® than in the 300
mJ/cm?® which is because since the exposure scope is large, the
spreading of the pattern is big. When measuring the pencil hardness,
the solid patterns were all 6H but the lined patterns were 3B74B. In
the adhesive strength measurement, there was no patterns lost, but
when they were cross—cut in the 150°C 400 mJ/cm® and seen through
a optical microscope, it could be seen that no light could penetrate into
the cut part and thus the cut part was dark. This seems to have
happened when some patterns entered into the cracks of sheath when
cross—cutting them. In comparison with the case of the 150TC 300
mJ/cmZ, in the 400 mJ/cmZ, the patterns seem to have been broken

due to over cure. According to the above result, it could be known

- Vil -



that the specific resistance, developing, adhesive strength and hardness
were most excellent in the condition of 5 minutes of pre-heat
treatment at 70 C, 300 mJ/cr’ of UV exposure amount and 20 minutes of

post heat treatment process of 150 T.
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Figure 1. The effect of narrow bezel
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3+l Table 1&

A, Amel FRE AAne 14 59 ol I
@ol] ARg-¥ = ofad

d o] EAl(Acrylate) =]aiw ol st 5ot

Type Features

Excellent curability

— The less affected of oxygen

Urethane acrylate Flexibility and elasticity
- Toughness (abrasion resistance, chemical resistance)

- Weakness(moisture resistance, water resistance)

- Hardness and flexible such as an epoxy resin
Epoxy acrylate .
- Excellent curability

- Excellent reactivity

- It can be a wide range of design
Polyester acrylate .
- Low unit price

- High transparency

Table 1. Acrylate oligomer Features
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Features
Type . . Curing o )
Viscosity Hardness | Flexibility | Adhesion
speed
Monofunctional
monomer Low Slow Weak Big High
Difunctional
monomer ! ! ! ! !
Multifunctional High Fast Hard Small Low
monomer
Table 2. Features of the monomer
(4) F7RAIA
FAAAE A9 AL A oA S Fole] BT B Fol L
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A
gAddkto] glrjZolH 2] Fgh(Radical polymerization)©] L, %ol

THeked Had duAE AlEsty FF st As e 9

o, AU o UVHIEEe BEshe 54 999 e Fa] 9
3

3 2%l 4 HolA Abgat AT Beh BANA FiE A A
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Cationic polymerization
Photo Initiator { Intra molecular photo cleavage
Radical polymerization {

Inter molecular hydrogen abstraction

Figure 5. Types of photoi1nitiator
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Figure 7. UV Lamps Model
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W Za, Aoz veRE A(2.8), 4299

G’ = G'cos6 (2.8)
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Figure 16. Elastic. Viscous and Polymer phase

G" = G'sind

{c) Polymer
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Figure 17. A trigonometric function
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Stabilization

Dispersion

Wetting

Figure 18. Mechanisms in the dispersion process
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t}. 3Roll mill& &3 &4

N

Middle roll Scraper roll

T T s

Sheargap 1 Shear gap 2

V1 < V2 W

Draw-in roll

Figure 19. Figure of 3Roll mill

Ho|~ES] FALES 7AALRE F4tste WH L= 3Roll-mille] )

o}, 3Roll-mille A& oo tE &£x Al 349 =

IAHE Middle rollS S22 Draw-in roll2 B0 1 Alo]z 3
2~EE Y3, #Ho]2=EE Middle rolle] 3 ubF] =¥ AZIY #Ho]x~E
glo]l Roll# RollRke] HFE 3Rolld FHS @sA7|BR v =3 s

I A4S 93l Aot Middle roll# Scraper rolle] H4S =
ol EAAoR 3RollE 3AITY. 3Rolle ¥ FHG Fo)|iEx

Scraper rollel A% Scraperol] @& Folx|a SE3 4" wj7bx] i
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AM AF7F EHvtes AF7F 7 AZS
H( el esl Aol #obx= AdAstrh A

o] AYS =As] A S =AAd= 7 A7 4 point probe(©] 3} 4point)

<

(g

2

ot

o
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o2l

ek

i =2
2

>
o

V.f/!’ff//f/f,?f;’?f/f/?}fﬂ I PO T ITI PP TITITITIIIT,

(a) 2 point probe (b) 4 point probe

Figure 22. A schematic diagram of Z2point probe and 4point
probe

¥ A g 2 point probeE ARE3}A] i
olfriz ohel1gal fo] ARAI AAZAEAT} 2ol FolYr] ol
o SE7t AAE 24 AL AFS Ro|A Wk zho] Eolo @A 2R 7}
AIVA B Aotk ol s o7t WAE Y| Wi AsE =AL <A

= 4 point probeE A}-g-3foF 3t}
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T ITTITITTIITIIIIIIF.

Figure 23. Resistance error occurring in the

2 point probe

oA FH AL mHAIoT A7 sAE RAAFE A
gaokstty, RAASTE AE(Sample) ] 7]} vhebe] FA el &4
Al X7k 37FA] Al E ol gske] AbEET AEe AV AT A A
40mmeol’de] AEA A 45320] a1, v FAAGE FAZE oF 400 pm
old A uwj 1o]¥, 2EA4= 23 T o 1o 7M. 9 2o BAY

AaE Arrshd v 421003 2

R(ohm) = V / I
C.F(Correction Factor) = cfl x cf2 x cf3
4532 = 4532 x 1 x 1
H A &(ohm/sq) = ohmx*C.F (2.10)

Sholl M =48 AZe o= dvidd AF7F & 224 o] ofdt

Swolt o2 Ho] £(Ag)e ol FEnr wAGde] B wAolr

_33_



1

;OO

Fel et A

)
&~

Eul

=0
o 1.

Al vt

o} %

W

Nir

MH

Bl A obdle A0 go] T

&

(2.11)

(ohm/sq) * Thickness(cm)

&

- A

(ohm-cm)

&

Al A

_34_



Gets

=0

3
!

7} A&

(1) Ag powder XA

o] 1.0 ~ 1.2 m =71¢ AH

o]
H

Fag

B

S
T

7 o] 2 E o] 4]

0
o

N

ol 1A

—

o]O

o
il

TH

2}

of &gt Hele

==
o

—_
file)

R R E R

s

o} AEA

=
%

]

Zz0
=

Aol qazre] A

o]
H

/\E1

s

Aol AHE-

2w o] SEMAFZI o]t}

}E . Table 4

3|

EObA A Aol A

2 &)
R

ir

g
9l

3

S
T

Figure 24

1= o
59

B

P
p—
g
X
V)]
A
>

-n 9-

179} —
-
)
-
g
=
P
g

S | =

n i

()}

m =
=
3]
A

=

2 | £

> | 2

= 5

P}

<

V)]

<

Table 4. The properties of conductive Ag powder
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Figure 24. SEM Image of Ag powder

(2) &l A4

i Number of functional
Molecular weight

groups Acrylate

Oligomer A 1,700 4
Oligomer B 35,000 .
Oligomer C 20,000 50

Table 5. The properties of Oligomer

~
o
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N
e
<
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<
ot
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%
o,

¥ 0 E AHeS, = Ane A%
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(Unit : wt%)

Ag powder Oligomer A | Oligomer B Oligomer C Monomer Additive Solvent Photo-initiator

Paste(1) -

76.7 10.2 0.4 4.7 3.0 0.9 4.1
Paste(2) 1 phr
Paste(3) _

76.4 10.2 0.8 4.7 3.0 0.8 4.1
Paste(4) 0.5 phr
Paste(5) 12 phr
Paste(6) 84.7 14 phr 0.9 0.5 52 3.3 0.9 45
Paste(7) 16 phr

Table 6. Formulations for the experiment Oligomers properties

Table 6914 AFAF Fdstes eurs A UrAE 25
2o HEgR2 Azxsga, e L awE, AAH &Y 1%3=7F A
Iphr(part per hundred resin)® ZA|3GT. S IHAE EAp#Fo] Fo}
Al om Hrr7h gty A2 AEHARE Ao Fopxlu A

o] AT}t A7A S AHAS T HrlsleE AR 2EavBY 23

by

HCE &% A7t A% AaA7|dA A3 = A2

P
-
£ vBE &% AAAFE A% $5 glol, Fwsh AdHL A

il

-

w2 nBE EA4gel kol #¥S BUFE FRE YHAI L, 4T
% w7 Wk SewvICE A7bsAl HW AR A5 glol Aol A
HE| e,

-

(3) e A4

. Number of functional
Molecular weight

groups Acrylate

Monomer A 900 60
Monomer B 1,100 100
Monomer C 210-240 -

Table 7. The properties of Monomer
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Table 79| el YW E ALE-3) 5
Heh Zhaunke5 shar ol ghgrlel AR b 7h= 547 (-COOH) = A 8
At A 3E 2RV Al A stE o] ddA ) kgl o]

o2 HA AAH] Wi olAdH o E ATV B RUME ALS

sttt 2 APl AREE HolAEE Alxsty] A sAATES A

(Unit : wt%)
Ag powder Oligomer | Monomer A | Monomer B | Monomer C Additive Solvent Photo-initiator
Paste(1) 3 phr
Paste(2) 78.7 11.8 4 phr 0.4 0.9 3.1 0.9 4.2
Paste(3) 6 phr
Paste(4) 0.5 phr
76.4 11.5 3.4 0.8 3.0 0.8 4.1
Paste(5) 1.5 phr
Paste(6) 1 phr
76.7 11.5 3.4 0.4 3.0 0.9 4.1
Paste(7) 2 phr

Table 8. Formulations for the experiment Monomer properties

Table 84 Maddo siFdet= B E A3 A= 5 2
2 H&2 Axsda, F7HEE BUd s AAN &9 1%F7F Al Iphr®
FABEA Y. RUWAE 4dphr A7M7EA = vl A s glol BmT7E A
AEJATE 1 o4l Hrbe d34E Adlet AlAEE woqFn. =2
HUHBE &% H7Al ddgdol MAEXRl, BFH7bA] Al A ES FoF

9. wuuCE 200 gREe AANAT WA g,

(4) FNAA A

2ol o 2RE AL WA T E GAAE Ee

FTgeked 2o duAE Ay ge-H dE e FAAAE

of wolx ALgAT 7B AFEHE UVAEZS) s4E sgdelus

=z
1o
o
ACh
=
oo A
N



W] WE UVHEe] gl s BANAE AL,

ohu
2T ool BANAE Efsto W dH99E 4T 5 e Aol
Tt HE 250nm-450nme] A G FFE PA L AL, 2 A3
Al ARE-sE FINAI A= Table 99F 21
Photo—initiator
Material I-819 TPO
Melting point(TC) 1277133 88792
UV/VIS
absorption peak (nm) 295, 370 295, 368, 380, 393
Apperance Powder Powder
IRGACURE 819 and IRGACURE819 0W | DAROCURTPO
Composition Q" : ”AD’ || ij /@

Table 9. The properties of Photo—1nitiator

1}, Ho]|~E A%

Ag

Oligomer

Monomer

B
Paste

B

Additive | Solvent PI

73.3% | 5.2% | 04%

02% | 2.0% | 0.4% | 0.4%

3.3% 13% 1.8%

Table 10. Fomulation of Ag paste
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HoAfo A= Table 103 2 Z3H| 2 71334 Ho|2EE AZ3Y
oAz e WA Seavel Ruyvet EAl, HIkAl so w2 HIbsl
a1, WREEER 7] (paste mixer, PDM-300, Daewha Tech Co., Ltd, Koera)&
o]gs WwWFA(TH 1350rpm, AH1200rpm) 3EI HEFTA(FE
1200rpm, AFA100rpm)& 123 25 Al A "Rl & Al F 38t} o] ulelr] o
AW g9 EE HAbgE & witg ¥ dof de=wlyg o uljlelel AW )

SHE & Edlet awEA 30x9 gxFY 30x Fo EFEE

2

(]

S fs] 47191 3 Roll Mill(TRM-6.5Kurong Yong Machinert

fr

Co., Ltd, Korea)S A3ttt 3 Roll MillelA] =% 20CE X3y

2omm/se HFx® 53] FAAFIY BAFEA S vlR Ho]AEE UA] S

9 owukEd 129 9¥EA 3028 T 2D ulHeshy, o] s
==

& WA g, Figure 25+ 9 7

Oligomer

Monomer
| - Mixing & Antifoaming I

Photo-initiator
y l " Milling by 3-Roll mill

- Mixing & Antifoaming

Solvent Binder

\ 4 Photosensitive
Ag paste

Additive Ag powder

- Mixing : Rotation 1350 rpm, Revoltion 1100 rpm (3min/1min)
- Antifoaming : Rotation 1200 rpm, Revoltion 100 rpm (1min/30sec)
- 3-Roll Mill : Temperature 20°C, 25mm/s (Stimes)

Figure 25. Manufacture process of Ag paste
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g, 238 <4

B AFdA Flo|~2ES ~3Y A4 sy, AHEE ~adde @
= Seprbnite] 2H el HALR wHEolZ 500 meshd 23RS A}
S5tk QHFE 2 8 x 8 em WA HolAL, Table 11 == <133
of et Frolth ARES 2~ A= @ Febrivlibe] A R7F 8091 2~
HAAE A3,

. Mesh Emulsion
Frame Mesh Tension 3 . Angle
thickness thickness
X Y
550x550 c¢cm 500 24 (m 8 m 22.5°
1.08 | 1.07

Table 11. Screen printing frame Information

Squeegee Doctor Squeegee Doctor i Squeegee
Stop time Clearance
speed speed pressure pressure angle
70mm/s 30 mm/s 2.8 mm 0.02 mm 2.0 sec 25 mm 73°

Table 12. Screen printing conditions
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Mask size

5 x 5 inch

Substrate size

907100 mm

350W UV lamp

UV lamp
(Maker : OSRAM or USHIO)
Size 425 x 4.25 inch(over)
Beam Power > 25 mW/cm®
Uniformity < *3%
Exposure method Soft/Proximity

Exposure time

0.1 ~ 6000 s (0.1 step)

Wavelength

[-line (365nm)
G-line (436nm)
H-line (405nm)

Table 13. UV exposure device (MDA -400S-E) Information

Y A B

2007400 mJ/cm>®

Oft

A7 AAFAT, wFAGE Bs] PP

_43_

e
=



Time Normalized Intensity (counts)

600

400

200

Wavelength (nm)

Figure 27. UV exposure device and the wavelength range of the

exposure system
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1o,
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K1
it
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A
ok
v

Pencil hardness
6B-5B-4B-3B-2B-B-F-H-2H-3H-4H-5H-6H
<~ (Soft) (Hard) —

60mm/s

45°

l?.
B7he AW EARAY Aok 7€ ASTM D 33590]w, Al® F9

H2=E Ho]iZgl 3M 610-1PKE &9t X & & widx AlxHo| Eof
A= Ars 5302 el o] H7lsko
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Coating peeling degree ASTM class
0% 5B
S
14,
5% under 4B
(|
o
5715% 3B
LI T
b 359% 2B
T
35765% 1B
05% exceed 0B

Table 14. ASTM D 3359 evaluation reference
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S At Aol A= Figure 299 e T Figure 295 &) #
<8 (Shear rate)o] Z7Hsol webA] Awr 4TS & 5 A 99

Ao wtel 249 dmE obg Table 1591 Wbt
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Figure 29. Viscosity of the shear rate graph
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Table 15. Viscosity of the shear rate and Thixotropy Index
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Awst @ =4 stsit
(Unit:Q-cm)

5 minute 10 minute 15 minute
70°C 2.86 x 105 2.86 x 105
80°C 3.81 x 10 4.44 x 105
90°C 317 x 105 4.76 x 10 5.87 x 10
100°C 3.81x105 6.66 x 105
110°C 4.44 x 105 8.57 x 105

Table 16. Specific resistance results of the pre heating
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Table 17. Developing performance the result of 25gm pattern

according to the pre heating step
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70T 80%C 90

T

9.3 um 9.3 um 121~136 um

T

9.3 um 7.9 um 9.3~10.7 um 10.7~121 um 10.7 um

1107

15 min i : bt Wi
| f

7.9~9.3 um 7.9~9.3 um 9.3 um

Table 18. Developing performance the result of 15gm pattern

according to the pre heating step
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Aol =

gttt waty] Aol obFe) Alzke] @Ylebw 100C, 110T)
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ot
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o
fu
iy,
o2l
i,
A
O
FE

2% = W/em® = J/em®-sec

wi3#F = J/em®sec x sec = J/em® (4.1)
2y ARbE 2 =gde]l gt =379 2Rv 18

mW/cm?ol™, AJ7+S zAske]l 200, 300, 400 m]/em’e] w=FHFo T A3

sttt A Ao AxAu Aol ddiHez S48 T4 3
ZEA(70C 1083 158, 90C 58)¢9F 27FA(70C 582 80T 58)E F7
ato] AAE stth 274 S F71e olfE HAAdPAA 0THEHTY @
AdA gl v Aol w@okar Algte]l S5 W AT AFA ol
AAHJHE RS aelste] F7tstA Hlv 434S 140TC 302
aAslFa, v AEA3= Table 199 #2o}

(Unit:Q-cm)
200 mJ/cm? 300 mJ/cm? 400 mJ/cm?
5 min 2.70x 107 2.54x10° 2.22x10°
70°C | 10 min 3.49x10° 3.33x10°
15 min 3.81x10° 2.86x 10°
80°C 5 min 3.49x10° 3.65x10° 3.17x10°
90°C 5 min 4.28 x 10° 3.17x10°

Table 19. Specific resistance results of the UV light intensity
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70%¢C g0 90T
5 min 10 min 15 min 5 min 5 min
|
i § |
ml/em? il |
6.4~7.9 um 7.9 um 9.3 um 6.4~7.9 um 9.3~10.7 um
4
300
mlen | B
7.9 um
= {
400 i
ml/cme
7.9 um 9.3.~10.7um | 9.3~10.7 um 6.4~7.9 um 9.3 um

Table 20. Developing performance the result of 25gm pattern

according to the UV light intensity
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15 min

200
mlicm2

7.9~9.3 um

6.4~7.9 um

6.4~7.9 um 7.9 um 9.3 um

9.3 um

Table 21. Developing performance the result of 15gm pattern
according to the UV light intensity

H A8 AdE 70°C 58 200, 300, 400 mJ/cm’ol Al zZHzh 2.70 x 107
Q-cm, 2.54 x 10° Q-cm, 2.22 x 10° Q-ecm®& 714 v gk} =
A= 70C 5% 200 mJ/cm’ol| Al gegho] WAt AL A <A 300, 400

m]/cm’el Al 7 @Al Fokdh mARH dAdAS wEste 70T 5

fr

AdaggAe® 300, 400 mJ/cm A UVie#S sto] Sdxa3A
S A8k
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A3 Aol M A=y @Al dddez s38d 70T 58 A<

Azsla w=FaFe] 300, 400 mJ/em’?! HEE FHA L, FAFA Y 2w}
Alzbel Aol 7k qlasfdoe] ow 3t e FmA doprs APE G4

th ol Ade 7E TP FAA 140C 30ES V|FowR 2L+

=
1307150TC ®SlelA AZ=AIEE 15730 = A ES Aslit

(Unit:Q-m)
130 °C 140 °C 150 °C

300 myar 2.54 x 107
h=

400 my/are 254x10°

300 mya? 254x 107 20107
208

400 my/ar? 2.38x 107 F70 %107

300 myav? 3.65x 107 2.54x 10 2.22x10°
308

400 myar? 3.01x 107 222 x 107 2.38x 107

Table 22. Specific resistance results of the post-heating

H A8 257 5595 Agko] A4E Ygkon 150TC 20, 30%
ol Z+zF 2.22 x 10° Q-ecmo® 7FE e mATIRS Ak 300
m]/cm*E .t} 400 mJ/cmo] B A o] A g, olE w=3H 3

wWol see] Hdo] 7] wjiolt,

°]

A
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130 C 140 C 150 C
|
300
mJ/cm?
15min
400
mJ/cm? |
I
300 i
mJ/cm?
20min :
400
mJ/cm?
300 il :
mJ/cm? :
30min
400
mJ/cm? '
Table 23. Pencil hardness test in 3B
ALYAEE AT v UFHIPES 25 6H7F AT Ay

3B4BA %7} vkl Table 238 A" % 3Bo|A A ZE(Line/Space)©]
35/45¢0 S FAS w FaAvFow FG3 A gholth 150T 20%
300 mJ/cm’¢} 150C 305 300 mJ/cm?e] 3B7} Uk 1 9= t} #3uh
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130 C 140 C 150 C

300

mJ/cm?

15min

400

mJ/cm?

300

mJ/cm?

20min

400

mJ/cm?

300

mJ/cm?

30min

|
400
- | S

Table 24. Pictures of after the surface adhesion test

AZe SAHANANE 25 99y, Fegdvgdoz S
Table 24914 150C 300 mJ/cm’# 150C 400 m]J/cm*E Bl S o A

& Aol Holed oA AR~ HHW(Cross Cutting) Al 28 & 71x
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