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A Study on Properties of Ag Paste for Touch Panel

Jae-hyung Song

Dept. of Graphic Arts Engineering, Graduate School,

Pukyong National University

Abstract

Printing Electronic markets.-has been developed. In particular, many
products for using touch panel are being produced. The devices used in
everyday life from the industrial unit' has been widely used to. The
panel is to serve a particular function if A person’s hand or an object
on the screen, when it reaches at determine its position. Capacitive type
1s the most commonly used.

Current print electronic circuits 'or lelectronic components such as a
simple, these are expensive materials and manufacturing process is very
complex, expensive equipment needed to replace the conventional
lithography process technology is emerging as a complex process and
the desired material directly into the desired position without patterning
technology that can 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

= Vil -



improve the competitiveness of the product. Printing of electronic
devices produced by Roll-to-roll precision processing technology and
control technology 1is applied to the printing is 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.

Gravure off-set printing recently is used in-electronics display market.
This method, has advantages of mass production and “high printing
speed. It is also fine pattern can be implemented

In this study, suitable for gravure offset printing of touch panel
conductive 'paste was ‘developed. Low temperature curing and high
conductivity of the patterns formed on the flexible film with the aim of

this study was to.
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Table 1. Type of Touch Panel

Registive Capacitive Surface
type Overlay Oxrerlay e Be Acoustic Wave
oY
method of 'L 1
n
touch " : . -
finger, stylus pen finger finger, stylius pen
transmigsivity under 858¢ more than 905 more than 928¢
high
advantage low cost transmisgivity, latge gize large size
durability
low can ngt react
weakness transmissivity, to fingernails high-cost 2711111%1 er?gl?j tg
charability gloves pntamimatio
resolution best best better good
Nulti—touch possible possible
navigation, kinsk, ATNM, POS
application PDA, cell phone, cell phorne, - Oﬁs ole kiosk, ATM
game console game console g
DA W2 - S350 A"gHe] de F o Vws dF»AN A
e - o = =) =1 = =
22H el Wow HES sbd R sre] AFFo YHIu
A7H Az wgsel 9AE A sk WA ol
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Table 2. The Type of Conductive Paste

Polymer type High temperature firing type
Curing 5 5
room temperature~200TC | 500~1200TC
temperature
Conductive | Ag, Cu, graphite, carbon | Ag, Pd, Au, Pt, Cu, W, Ni,
filler black RuO.,
Synthetic polymer
thermoplastic : Acrylic, primary binder : Acrylic,
Binder Polyester Cellulose
thermosetting : Urethane, | Binder-: Glass flit
Phenol, Epoxy
Extra Organic solvent, Organic solvent;, Oxidized
component dispering agent etc. metal
Organic matter, Metal, ) !
Substrate N . Alumina, Ceramic, Glass
Aluminium, Silicon
F HAR wEAE do|AEY, EHA YR 3%, F5AEE,
FHEE Y (carbon black),c12}3}o] E (graphite)s ol AR ¥t vlelge] =
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» Conductivity enhancement due to micro / Nano hybrid

<concept of micro/nano hybrid structure>

» Ag surface modification and dispersion methods

Coating agent

Metal particle 1_) E) y
Wetting Dispersing Stabilization
, --\.-"
‘3 - i

<dispersion mechanism=

<protected particle=

Fig.10. Various Distribution Methods.
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4 4

=
719 Aol vE Ag F5H 3FFE AFEedeH, ¥ Ag d¢H

(KP-P3, (F)#Ad) 1% ZolAd ol Ag I
314 F<4) 9} (Silver platelet, Tokusen) 2572 Al-&3l$it}.

Ag 3569 SAS Table 3o Ye AL

Table 3. The Properties of Conductive"Ag Powder.

H (HPO202END, ()

FAS- SEM #9359 Fig.

Particle Particle .
) | Specific Tap
Type size size )
. surface area density
(D50) Distribution
Flake A 1.94m 1.0~3.0um 1.0~2.0m/g 3.0-4.2g/cnt
Flake B 2.2um 1.0~4.0um 1.0~15m/g 2.5-3.5g/crt
Spherical C 1.44m 0.7~3.0pm 05~0.8m'/g 3.8g/cn
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Flake A

] L bt
VEGAWTES SEMHV:2000kV  SEM MAG: 500 kx

CE

Flake B

VEGAN TES

Fig. 14. SEM pictures of Ag powder.
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Table 4. Composition and. Properties of Binder Resins for Ag

Pastes
o Molecular -\ | Viscosity| oolid Base
Type Composition welght Ts (G (cps) (%) | solvent
o=—2
2
?;?y : oy sz 390~ 1 5 | pea
- o—w—o 2100 -
- - 10,000
170 g/eq
=
-
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TepHlo] QA Q1 AAS FFAITI7] 98 base &AIEA wiQlY
Zof] sl £3fe o] -5, au]d 842l BCA(2-(2-Buthoxyethoxy)

ethyl acetate, & A}-83}3th.

2. 490

7}. Ag pasted T4

Ag Fede s Efs] deAE AEGY 1A
a#ste] Ag ook vzl TR/ B FESs H4ds] 2= Ao T
itk &, 3o7E uilg ezl g ke Histe AUAA L ®
o9t YRR S He] AsA L o AS FHo|2E T AHglE &
o] & wA] kol 1Al ZAZE B F At 9 @] FaFol A

A Be A Ag I3 AZ] HELS wejate] AEAS ABHAT]

FoEE Fod asolth ¥ A AxAgel 2w T §A%
PAHCIEA §A) 111 wlge] ¥ Aol Agesl @ AR F4
9 W& S Agelel SAF 11z Edeel Asadn 84 F% 0
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Ag sHoHie] Felel W HANY Ao B4 Aets] e g9
gafo] e HolAEES 4579 Ag F9u dAe e uE wHoliE
25 FE Azt F 6579 HolAEE AZ3AUTH Ag pasted] TS

Table 5 e AT

Table 5. The Formulation of Ag Paste

Ag powder(%5) Resin N.V.(%) Solvent(%)
Paste(1) Flake A 75 Epoxy resin 10 15
Paste(2) Flake B .75 Epoxy-resin 10 15
Paste(3) Spherical C 75 Epoxy resin 10 15
Paste(4) Flake A 735 Epoxy resin 9.8 16.7
Paste(b) Flake A 72.1 Epoxy resin 9.6 18.3
Paste(6) Flake A 70 Epoxy resin 9.3 20.7

. #o]2E AZHHY

EBESSERY

" ol
ol A 300 rpmo R 2AZES A AR BAT FAE Az

ke

—_—

Ak wIY Az oA AR A XS WA ey A Rty

ol
o
2
e
hn)

l

(PDM-300, (/) Wistela)E AF&3ste] wwt 2 g4y FAS

mixing FAoA T 1350 rpm, AH 1200 rpmo = 2&-3h b

g
=4

f
o
i

off
-/
22

antifoaming F4golA &4 1200 rpm, A& 100 rpme =2 183 &3
o 1 & gxvt By ovpely A9 Ag 39S #H 71 al premixing S
¢, 3-roll mill(ETRM-65, 4§714)% 170 rpmell A 53] AF3to] o]
~EE B4 sdr 2aR doliEE oA mAws dAHE e

2ue B9 5 A9e W3 A Fig 1501 Ag slol2Ee] A% 14
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[ Resin / Solvent ] [ Ag powder ]
I |

L 4

3 Roll mill

e

>  Pre-mixing

2> Mixing & ballmill

W

Paste complete

Fig. 15. Manufacture Process of Ag Paste.

o IEH|o] e Z A A4

oAl A AR R ko] @ A QA7) = Fig. 160 el 2
ghujo] Q. AL QI 7] (SFA(F))E WHALE system®. = AL831¥ T} 1ehy]
o] && A3 80 ymy; AZH80 i, & ZAo| 17um 2 M3 50um, Az 50
m, & Zol 1dm3«, 2714 ¢ &5 Ab&stdith. &AL Hl AvAF)
TI 7300 A|FS& AH&3FAT, S ALdSdable’6, 03 =
of JefAth s® HH130C, 158 o= o7 AzxsArh

Table 6. The specification of Blanket sheet

PET silicone Ave. Swelling
Blanket thickness |thickness| thjckness Range (%) Hardness
TI 7300ES | 250 wm | 600 gm | 850 wm 20 m 1.14 27
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Fig. 16. Image of Gravure off-set Printing Machine.

Table 7. The Specification of Printing Condition

Tvpe Off ~speed Set speed ?;SC;S; Set waiting
b (/s) (mm/s) B time(s)
(wbar)
Pattern 70 150 300 D2
printing
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3. 24 % 24
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Solvent absorption test

- Solvent emissions test

_34_



V. 23 9 3
1. Ag pasteq EALA

ShATE Hol2Ee] 13l Ao FAVF ASFF EAto] ZHE Holx2EL
3 ¥ 4 Qlth Ag paste®] 2SS A3 4 A

& AH&3te] Al 2k Paste(3)°] #AAd0] ¥ $8S & 7 AAT o=
73 B9 Agsgurt SedE 2R TE 2 Hagt g a 3 Ao
Zrol wpelgel Hag Ag 9Heo| o
of Hlal ztetA7] wiZoltt FRFolAe T3 EHYe Ag #foe ¥
O] ~E ollr ke FofHIRIHE Ws # F#ol=a BSlo] Ag 9l
v mRlT] o), kol A A2 AAAHH, uily o] 3hFo] AAFE
Ag F¢HE A F o= vIT e ol Solu Ag 9T 3o A
Age Ao ZA-T A HA Y Ag Hol2ErE ZHolA Bl Ag
Hol2ERT 4ol ¥ oAl yEhd Zlew AlmdEv 3 22
@] Ag Bt dA g Ho dAo] ASFF BAHd oAM=
g feleks & 5 SAQlvh Table 8o Z4zhe]l Ag pasteZb w787 Al ZFgE
AR oluAE YERYATE 1 AFolA Az Ag FHlo]~ES A¢
Paste(3)2 3~4um, U™ A Paste®] 49 4~5 mHLANA F3ho] ZASA

ik
R
o,
iV
Auj
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1o,
>
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X
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o = O >~3Flo =
AL B s 4 5 A
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Table 8. The Dispersibility Results of Ag Pastes

Paste(1) Paste(2)

Paste(3) Paste(4)
...-I-..

Pastel_(';5) (6)

2. Ag pasfé%] eology &

ri
N
i
S %; [H2t >
Table 29} #o] Ag 3% Eﬁo TH 2 4‘111]4 ShEFS dEste] Alxd
Ag pasted] #4F 54 2 & FxE H7Ee7] 930 pasted] dEEZAE
=438, 1 A3E Figure 18~199] HEeEPHAT. Al x2H Ag Ho|~E
9] shear rateo] WE HAxo] EAS W e shear ratedl A =& shear
rate® Z4E H w7} 7+A3%E shear thinning A%< 3¢S & & AUtk
oJAS QAT THS AT P& ko shear rate 992> A7}
v 5 o=2x] FYo Yol oA HAA = we] sidgcta shd

0.0170.1s" "ol A=7F o5 Uiy =Fow lste] W ARV



Zlo] ste& WrobA roll FollA 9ol whquE o] sjgetA =,
of si@st= 107100s™ ' G el = HE7F srolA fFEAde] 2 Hol2E
7V EEA o] $F8HAl #th Paste®] AFHAE(G)HH SHSHHE(G)S
Ao R FAE = FA B vk E2 stress G 9ol
Fol A Zube] FAA offsH ™, v d oA
o] A o] =W, substrateo] set 2 uwl 100% =duro] Hol¥ ) =t
oF vk stress oA G'o] o setF Aol A Zubo] FEFEoO &
Aol FFetA A

Fig. 189 Paste” (1)"(3)7FA] Ag 319 Foll w2 Viscosity &<
UEF T Flake A Bl o Paste(l)€]. T.I(Thixotropy Index)9] 7%
5/50=3.88, Flake B E}¥€] Paste(2)> 5/50-2.72, Spherical C E} <]
Paste(3)2 5/50=2.74% Flake A B}]2] Paste(1)e] Thixotropy=-/del %

e ¢ 7 Rlew) AFEEIE(G) 0] FEe Al 2 o4

ymd AL oged 7 vk =2 shear rate® Joll A& Ho|~ETV £
1

1000000 .

—a=— Paste 1
—»—Paste 2
~— 4+ Paste 3

100000 | vveoven

T

Viscosity(cps)

1000 |evnvne

Shear rate(1/s)

Fig. 18. Shear Rate Dependent of Ag Pastes Viscosity
for Kind of Ag Powder. (Rate Range : 0.1~100 1/s).
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Fig. 19 Paste (1),(4)(5)(6)7}A] &A1 staFo| wE shear rateo] w2
Viscosity A&& YERSTH Ag 39tl9] F5F+ Flake A EfYo =2 i1
Aot gAe el wWE dAEEA SEAS AESIAY. &A el
15%¢1 Paste(1)¢] T.I(Thixotropy Index)®] 7% 5/50=3.88, & 3wko]
16.7%9%1 Paste(4) 5/50=4.31, & A 3+=Fo] 18.3%%! Paste(5) 5/50-4.64, &
A skEFo]l  20.7%%1 Paste(6) 5/50=591%2 4FFe Fo]AE RFUE
shear rateol| 4| =& shear rate® Z+5 HE7} 743} shear thinning

A e & 7 Aok &A1 d¥Fo] BWoldaE Himv Eox AW

—m— Paste 1
—e— Paste 4|
~f i : |—4—Pasted

10000 |

Viscosity(cps)

1000

1 10 100

Shear rate(1/s)

Fig. 19. Shear Rate Dependent of Ag Pastes Viscosity
for Kind of Solvent. (Rate Range : 0.1~100 1/s).

Z7] AZEAEG)E agHo] oA AA] 2Eku]o] Fol A offd
uf =ako] FAo A3kS 7]t} Fig. 20, 219 stress(0.1~1000)] wh&
AZEAE (G EAH S (G AsS JERNSITE Fig. 200 Paste
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Fig. 20. Shear Stress Dependent of G'& G” for Ag Pastes
for Kind of Ag Powder. (Stress Range:0.1~1,000Pa)
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Fig. 21 Shear Stress Dependent of G'& G” for Ag Pastes
for Kind of Solvent. (Stress Range:0.1~1,000Pa)
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Table 9. Patterns Surface Image of Ag Pastes after Gravure off-set

Printing

Sheet 10 sheet 30 sheet

50 sheet

Paste

(1

Paste

(2

Paste

3)

Paste

(4)

Paste

t5))

Paste

(6)
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Paste(1)~(3)2 Ag I5Uue FFHo wE A HAPAS v ushsirt.
Paste(1)9] 7% 73t Thixotropy AsS Heolal AZEAHE(G )] F=of
e G o] BT YsstA uskth Paste(2)9] B¢ AZEHE
(G")E =ARE TI 2 7F gto} sjelo] ¥l Paste(3)9] 4% AZEHE
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Table 10. Patterns Cross Section Image of Ag Pastes after Gravure off-set
Printing

Paste(1) 7um Paste(2) 4um Paste(3) 3um

Paste(5) 5um Paste(6) 3um

4. Ag 4A Fel 2 &A gFe] wE HIZA

Ag pastes 2= Q=2 A= Wi©lS PAS F Cross—cutting S gt
A%E Table 116 YERAATE s H E2S100709] 22 e ¥ A=
HolE=® wojo] Alo] sttt Holjx] Urbx fow HHHo] 43
ow dAdsth. ZHola B Ag 3FHE AMESte] A% Paste
1,2,0,6),6) & 58 2%s ugdAn 79 6Be) Ag H9HE A}
&sto] A x3T Paste (3)& FEAom A”HE FiEo] "o AS ¢
T AT drA o w I QA el Akl HAH L wply FA] ¢
af A FHFHANE, Aguhr]e S wEt= F3gFo] yEds & F
AAT. FHA o] Y FAZE ¢kol Ag ¢t 718 e H=W

2 e Ag HEHE AET do2ES FHHe] ¥ 5T &4 5

S

.

Lo

—
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Table 11. Adhesive Result of Gravure off-set Patterns

Ao paste Adhesive result
&P (cross—cut cell count)
Paste(3) 84/100
Paste(4) 100/100
Paste(6) 100/100

o} LAl AR = A NS = I

AARA ] 148 Y25 100% FAAZI==Z, Q148 &7 %4
Y aF AMES AMEStaL, A8 daode =R £ 4
o §a=7 A: &A= H7lsta, of A= A2 afel &7
A8 sk Ay 5 A AW FEHe AstAdoeEs Ay o
AAE == 2EH7] 47 sto] A8 daE EdAe=

1
B S AAA] abel AARAZITH e, ZATE 94 A4 A e

o
o

=

Z85E

.

oy

FHe) Ay aF AE A4S d2o FrE= A M A
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E3le] AglE 15 AEV BeEDR Q) i)
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A FrEA B@ §AF A wHel dol A4 mwel AWL 4
wa o oun

GlycolAl ¢} Acetate A 84| =
w22 k3 AlZkel A d Helk AlLH oz ERIl S F47E ¥
HEZ GlycolHl€l Acetate A8 A9 S AFT 5 A2 A2 4%
o] Al B dFe MaAdE oz Glycoldl &4 ¢ AcetateA] &4, =
111 £ §A2 371K Ho]2EE w9 A E &) ds w g
111 &84l Zdurt 7B SetA Utk webd £ ATolA Az

Hol|~E9] A5 EF Glycold |42k Acetater] €45 111 vj&=2 &3

50um AZo] el ol Axp= oF Table 1201 YeERAATE S0um A =<
el 13 2 Paste(2),(3),(6)2] A5 Ee] HAAL L FA, HEEA A
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Table 12. Change of Gravure off-set Patterns

Paste 1, 50um pattern
10sheet - 50sheet -
- 0 _r -! T - -
Paste-4, 50pm pattern

10sheet, line width 44um
thickness 4.5um

50sheet, line width 55um
thickness~4.5um

100sheet, line width 60pm
thickness 4.5um

:

l
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Paste 5, 50um pattern

10sheet -

50sheet, line width 35um
thickness 6um

-y

100sheet, line width 37um
thickness 6um

150sheet, line width 45um
thickness Sum

—

e(%)

-
c

a

o

Vari

70

20

10 \_’__,.--"’—-‘_"

L]

--.‘"'--.

10 20 30 40 50 60 70 B0 90 100 110 120 130 140 150

Print sheet

Fig. 23. Variation Rate of Pattern Width
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100 —Paste d

90 —Pasted

[=]
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Print sheet

Fig. 24. Variation Rate of Pattern Thickness
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6. Ag A o R A FF WE FHo2ES A7

A=A

el A7l AxdE HAFeR yepfiddu. HARY ge EHAE
(4-point probe)& FAZ 4ksk grolm= 1 sde] A3 gholth
o|2E EF 10 7%= YERHAT. AFEE Ag BT TR wWE Ax
A& v 3A Spherical C B1Y 9 Ag 39 = A3 Paste(3)°] 5.9x10
Qem®z 7M=& v AE THE o] Fdlola B Y Ag Hlol=E
7 78 B4 Ag dle]l2EWT JAE A5 #EA dAREY HEFo
H 2487] witolnt. Zeola fYAE 7o | FFol F YAE 19
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Table 13. Resistivity.of Patterns

Paste(1) 4.3%107°Q.cm Paste(4) 4.4%x10°Q.cm
Paste(2) 4.0x10"°Q.cm Paste(5) 4.4x107°Q.cm
Paste(3) 5.9%10 °Q.cm Paste(6) 4.7X107°Q.cm

3
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