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Development of FSR Ink for foldable keyboards

Dong Young Kang

Department of Graphic Arts Engineering, Graduate School,

Pukyong National University

Abstract

Miniaturization and increase on penetration rate of Smart Device
replaced the role of computer or laptop that people use smart phone or
tablet instead. However, there are limits on performance for tablet and
smart phone, which are emphasized on portability, to conduct; lack of
accuracy and speed of virtual keyboard. Consequently, more and more
people use Bluetooth keyboard as an alternative. PCB etching method
1s utilized to product Bluetooth keyboard at the moment, but this
method consumes more time and money compare to printing method.
Especially, copper etching produce massive amount of pollutant that
cause difficulties on waste management. With the reasons above, PCB
manufacture utilized printed electronics technology is highly prominent

in the industry.



When applying printed electronics technology on the production
process, cleaner production and simplification of the process are
plausible that bring the cost down. For example, there are more than 8
processes to form a gate electrode on TFT (thin film transistor)
production and 40 or more process to produce one TFT. When we
apply printed electronics technology, there are only 4 processes for it,
10 times fewer.

We conducted this study as categorizing types of resin and content of
resin of carbon paste for FSR(Force Sensing Resistor) sensor that
utilized screen print method on production. We utilized two different
types of resin and selected 2 resins with different molecular weight for
each kind. We aimed for carbon paste with high adhesive strength and
hardness and steady conductivity. We drew that paste with 10,000~
30,000 cps on viscosity, adhesive strength that would not be removable
on cross—cutting test, over 3H on hardness, and 18.0727.0 & -cm on
conductivity are most appropriate. Based on this, we tried to find best
resin and the content. Epoxy resin FPE-50, bisphenol A polymer, are
selected as the most suitable candidate through the first test,
comparison on type of resin, and the most suitable content are
confirmed as 21.51% via the second test, comparison on content of

resin.
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of YeElHS A Figure 39| SEM(scanning electron microscope) %9 &

8 7 @de 24T ARRlE eI

Table 1. The Properties of Carbon Black Powder

Carbon Black Nerox 2500
Particle size(nm) 56
Oil Absorption Number(mL/100g) 54
Surface Area(m'/g) 51
Volatile Matter(%) 1.8
pH value 2.5
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Z o~ 24 A(FPP-120, FP Co., Ltd, Korea, FPP-365 FP Co.,
Ltd, Korea) T+ &#FE AAstATE o AFo] ALEH A FAA A
T TR EYozdEA A4 F FFRY BA 729 245 Table 2
of YER AT

A HAEE FEATIV] feted eI ARl T &AQ
ECA(2-(2-Ethoxyethoxy)ethyl Acetate, SAMCHUN chemical, Korea)&

71z SAR AbEsk] A& nkeld 33

Figure 3. SEM image of carbon black powder.
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Table 2. Composition and Properties of Binder Resins for
Carbon Pastes

Item FPE-50 FPE-109 FPP-120 FPP-365
Molecular
) 45,000 12,000 23,000 35,000
Weight
Type Epoxy Polyester
(= '.g =
i !
e B
gLl —
Composition o—a—o Jx
— -
] [
§ e ——— =
2—32 -]
1 2
Base Solvent ECA ECA

U Hol2E S Az

7hE do]laEe] Eabs HAEeH7] fleke] Figure 49 22 WHoR
A 23} 3
Az b2 sz A% &4, A7HAE H7kste] £33, 1 F

wRE gGE 7|5 o] &3te] WRH2000 rpm, Imin)# @ 3E(30sec)E A A8t

R

AE BT E Arlele] Al @ W wws 9XE e wu

tol 53] & (milling)=

iu)
ke
il
d
=)
&
5,
o
ol

]~EZ 3-Roll Mill ZH]Z o]&

_12_



Table 3. Characteristics of used Solvents

ECA BCA
Solvent (2-(2-Ethoxyethoxy)eth | (2-(2-Butoxyethoxy)eth
yl Acetate) yl Acetate)
Surface
) 30.2 dyne/cm 30.5 dyne/cm
Tension
Boiling . .
. 218~219TC 245C
Point
Vapor 0.045 mm 0.04 mm
Pressure Hg at 20T Hg at 20T
Molecular
3 176.21 204.26
Weight
Molecular Structure ) JLD---‘»--.,.,DM o j’ 07 NV NN

O 2EHolAY HA

2 AFdAME = JRER 29 Ax a8 A% deds H
7L Ho]2~2EE HxE A dd AFS Fske] 10,000~30,000
cps Abole AEE 7HATH HEHE L cross-cutting HIAEA €25 A ¢
ofof &}l e AL 3H o], dEALS 18.0~270 Q - me %=1

7 AelxEs} A Agadn dust s B

24
Sa Aol AR dAo|2EE AxY] sl AR B R9de TP

= AT A A R dFS ekl e ddein A HAR 4
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| Resin | | Solvent | |Additive|
I |

Mixing & Antifoaming
| Binder | Carbon Powder |

1. Mixing & Antifoaming
2. Mixing By 3-Roll mill
3. Mixing & Antifoaming

| Carbon Paste |

Figure 4. Manufacture of carbon paste.

WAz 2 aA AgeA A 449 A4 FeEe Adae A
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7] $18ko] Table 59k o] x9 Fifol e TEeoJAS HAs
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Ask ALl A& AR 002 &

]
31mm Ax=o ¢HE © 7hetfith Table 69l= 22" Q13 A A

Table 4. Fomulation of Paste 1~4

Resin

Additive | Solvent | Total
Black | ppp_5o | FPE-109 | FPP-120 | FPP-365

Paste(1) 32.26 21.51 2043 25.80 100
Paste(2) 30.30 20.20 19.19 30.31 100
Paste(3) 29.91 19.94 20.24 29.91 100
Paste(4) 30.61 20.41 18.37 30.61 100

C ool LER AxE

ANY 79, FUF YEo] BEYS Ao Wa: 245 Aol U
g5 Qow, Az Azke] AUAA Lold B Al tE A
We] gaelo] Wolxs fek §A9 Azel t@ HY HPOE 130T

o emolA 0% B AXF o] Y oAl AL HQ HY

t}. Figure 5+ AXx Ado] A}EH & A Aot}

2 W

[} [e]

\}
A

O CES-CRESEIEE"

239 QA= do|xEe] HES BT W do|xEe] denA 54
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& a:ydolop A dolase fezA 549 ZAolt vl
(Rheometer. HAAKE Rhostressl. Thermo Fisher Scientific Inc.,
Germany)& ©]-&3tlom o 4 AA= AR % A @XE
(G"), =4 FAHEG)S £48dn. 54 A= 3vmme] A& 7Hx

2] BgR AAPH Ti LE ARESR o F2x75 &

AA T s1g ko] 42 0.8mm=E A Aste] A5

gomnEe =48 Ad £%E2 (0.1~100s !, 100~0.1s '& 60sec? A5
d3t91 o 1.0 HzE F 3 (frequency)

2 1A ¥, 01~1000 Padl A9 £x2 7teto] Hret A8 HeAd, G

G'% 717 ZAskelth £ AR AW $EE 248 dolHE 2wA

Table 5. Fomulation of Paste 5~8

Carbon : -
Resin Additive Solvent Total
Black
Paste(5) 25.21 39.50 15.13 20.17 100
Paste(6) 29.41 29.41 17.65 23.53 100
Paste(7) 32.26 21.51 20.43 25.80 100
Paste(8) 37.04 12.35 23.46 27.16 100

oA dde HEAY A

A8 A Ao WY ZHL sl W RAY Yo
sglom w@rh gue ®A /1E9l ASTM D 33508 2natald. 4%

Heo] Haow wxsts AAS VM2, A2 47 1170 cross—cutting

skal, 71 9l 3M 610-1PK TAPEE F-3zsle] 42 & wojudS o
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Table 6. Screen Printing Frame Information

) Mesh Emulsion
Frame Mesh Tension . . Angle
Thickness Thickness
X Y
550550 cm 325 59 m 20 um 22.5°
1.02 | 1.04

AW A% P o8] AH® Auel =y AxE BrhsdArh

Al (Mitsubishi)ito] ABE o] §3le] =AU, 24  #400 AER

A4 2FEe Z=7F 90°7F HEs AP shglow, dda ddto
7
L

A4 el A7l A=AHS S35 918kl 4-point probe WS A
S35t ¥ A =47](2002 Multimeter. KEITHLEY Instrument Inc.,
Japan)& o] -&3atqlth. 14 IE e FA ztole] wep I A 7ol FepA
7] W&o Fw ZEA(SJ-400. Mitutoyo. Japan)ES o]83to] <l il
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Figure 5. Image of drying oven.

3M 610-1PK TAPE
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T
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§ - w» B

Figure 6. Measuring method of ASTM D3359.

ok FSR AAM 9 =83 53

FSR 41419l 445 4% §72 erslr] slshe] o482z (TDS

724D, Tektronix Korea Co,. Ltd)E ©]&, FSR AlA o] 7}six] = =9
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Pencil hardness
6B-5B-4B-3B-2B-B-F-H-2H-3H-4H-5H-6H
(Hard) —

<~ (Soft)

Figure 8. Resistance measurement equipment—keithley
2002 system.
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: —m— Paste 1
. |—e¢— Paste 2
B 8 —a4— Paste 3

100000 | Mo S L= W o B ;
| e g ; £ v— Paste 4
%’*ﬁ%‘t b

10000 |-

Viscosity(cps)

1 10 100
Shear rate(1/s)

Figure 9. Viscosity graph of paste 1~4.
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Table 7. Viscosity Data of Paste 1~4

Paste (1) | Paste (2) | Paste (3) | Paste (4)

11/s 65,093 cps | 72,482 cps | 121,020 cps | 91,234 cps

51/s 72,687 cps | 81,656 cps | 71,009 cps | 87,415 cps

10 1/s 45608 cps | 49,744 cps | 38,014 cps | 51,698 cps

50 1/s 15,387 cps | 15,984 cps | 13,185 cps | 16,264 cps

100 1/s 10,491 cps | 10,685 cps 9,026 cps 10,666 cps

TI (5/50) 4.72 5.11 5.39 5.37
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Table 8. After the Surface Adhesion Test of Paste 1~4

Adhesive
Result
Paste(1) 100/100
Paste(2) 100/100
Paste(3) 100/100
Paste(4) 100/100
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Resistivity
Paste (1) 2356 Q - cm
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Table 12. Viscosity Data of Paste 5~8

Paste (5) Paste (6) Paste (7) Paste (8)
11/s 57,141 cps | 50,430 cps | 65,093 cps | 103,920 cps
5 1/s 43322 cps | 60,664 cps | 72,687 cps | 110,770 cps
10 1/s 31,382 cps | 41,263 cps | 45608 cps | 63,564 cps
50 1/s 17,354 cps | 17,147 cps | 15,387 cps | 19,010 cps
100 1/s 14,144 cps | 12,696 cps | 10,491 cps | 12,212 cps
TI (5/50) 2.50 3.54 4.72 5.83

o
5
>
1o
1%
o
of
o
N
2
lly
ny
Jf
)
D)
rr
P
o
i
4>
32,
Q
=
&3
i)
c
5
o
o

_29_




1000

i )
100

LT

.; e &
Stress(Pa)

4—Paste7G
- Paste 7 G"
—v—Paste 8G
—v— Paste 8 G"

—m—Paste5G

—o— Paste 5 G"
10| —e—Paste 6 G

—o—Paste 6 G"

100 h990 00000000 agesit)

1
1

10000 L
1000 |-
0.

Figure 12. Amplitude sweep of paste 5~8.
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Table 13. After the Surface Adhesion Test of Paste 5~8

Adhesive

Result

Paste (5) 100/100
Paste (6) 100/100
Paste (7) 100/100
Paste (8) 100/100
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Table 14. Pencil Hardness Test of Paste 5~8

Hardness Result
Paste (5) 3H
Paste (6) 3H
Paste (7) 3H
Paste (8) H

Table 15. Resistivity of Paste 5~8

Resistivity
Paste (5) y S cm
Paste (6) - Q -cm
Paste (7) 2356 & - cm
Paste (8) 13.60 Q - cm
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Table 16. Output Voltage Test of Paste 5~8

Output Voltage(mV)
Pressure 3bg 80g
Paste (5) - -
Paste (6) - -
Paste (7) 115 296
Paste (8) 52 128
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