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= B 2 AT70A FPCo AHE-EE 593 HFA 9 o1F AR AuAdTy g $44)7]7) A8 silane primers =43
Aok, =gk BnEE U o FA) HEAE AR MRz R o)l ST Al B AR LAY AL
¢ 3eisled silane primerE triethoxyvinylsilaneg $9 3 F#3A /339 2=l 3-aminopropyl-
triethoxysilane (3- APTES), 3-glycidoxypropylmethoxysilane (3-GPTMS) & AF&-5tod AzA & e] A1y 218 =vslg]
o} Tt E e 1,1,1-trichloroethaned AMg-3lej A A2kl whg Fut I o] A 3gstel 2o 8 HAREE 2AEHAcH 2
o 2 silaned AHSR BF F- A AAzEe] A o] F 2 ~ 5o Hx FAHUT, FHERL AYALL ¢ 108 =
7} A9 HFEAYE & ¢ Uk =T HEA AR oo BE TR 3-APTESE 2F 0.5 vol % ollA Hxu HaAHe
Bedn, 3-GPTMS S 74 2k 0.2 vol.%ollA o) Haae dgch

Abstract In this study, the silane primers were introduced to improve the interface adhesion between copper and
epoxy. Especially, the polymer types obtained by solution and emulsifier-free emulsion polymerization of
vinyltriethoxysilane and the low molecular weight types of 3- aminopropyltriethoxysilane(3- APTES) and 3-
glycidoxypropyltrimethoxysilane(3- GPTMS) were used to improve the adhesion strength between epoxy and copper.
Also, the surface of copper was treated by 1,1,1-trichloroethane. According to the results, the interfacial adhesion
strength of copper-epoxy increased about 2 ~ 5 times with the introduction of silane primer. Also, the optimum treat-
ment time of copper surface was about 10 minutes. Additionally, the adhesion strength as a function of concentration
of low molecular weight silane was maximum at about 0.5 vol.% for 3- APTES and about 0.2 vol.% for 3- GPTMS.
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Fig. 1. Multilayer structure of flexible printed circuit.
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Table 1. Basic Structure of Epoxy Resins and Curing Agents used in This Study

Reagents

Structure

Cl:
o 3

Epoxy Resin

H

O j:Ha
<O\ | o /A AN
Cliy— CH—Cliy1-0- lc 0—Cliy=——CH—CHp—-0 (t: _H—o—ciy—di—Cip
CH3

0 CHg

YD-128

R-1309

Carboxy- Terminated Butadiene- Acrylonitrile

Hardner H
1

(CHp)sCHy

(CHy); CNHCH,CHyNHCHyCHaNHg

U
G \CH——(CHZ).,——CNHCH2CH2NHCH2CH2NH2

H— CHyCHe=CH—(CHy)y—CHy

Amine Type Curing Agent




1162
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Scheme 1. Emulsifier-free emulsion polymerization of

vinyltriethoxysilane and its hydrolysis.
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Fig. 2. Viscosity behavior as a function of epoxy/hardner com-
ponents at room temperature.

Table 2. Tensile Properties of Various Combination of Epoxy-Hardner

Strain (%) Stress (MPa) E, ())* Modulus (MPa)

YD-128 |

+ 3.03+0.23 5891+2.30 0.13£0.02 1436.50+96.01
G-0240
YD-128

+ 2.75£047 4798 +6.54 0.12+0.05 1351.50+114.70
H-3808
YD-128

+ 2.99+0.75 4054 +7.48 0.11+0.05 1343.60+124.82
G-0331
R-1309

+ 26.63+6.24 10.42+2.98 0.12+0.04 -
G-0240

e = B}

R-1309

+ 28.63+8.02 10.33+£1.34 0.24+0.04 -
H-3808
R-1309

+ 29.46+1.90 10.28+0.95 0.31£0.06 -
G-0331

*E.: energy at break
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E 29 bisphenol~AA 4#]q] YD-1283 mFHAA
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o vtebd wie} zo] oF 80°C o4 Zshuk-go) FePE]g]
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Aol & R-1309 A9} vz Ab-oll 4] Astr} wh
H-3808 7stAlE AHstslem A3eE= 80CE 1
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Fig. 3. DSC thermogram of R~1309/H- 3808 composition.
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Bt} )24 ARAY Y B4 dobod FHER

£ 1,1,1-trichloroethane © 2 M AsIF, HAeJ HAE
& doti ] AsiA BRI A AP |Ze) mhE FHo)
Y2 gk S8kt 29 4= Subx o] xe|zhd] o
£ F40dA (polar energy), E4tol1i=) (dispersion en-
ergy) 123 % ouiA] k& & AA A=) (total ener-
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Aol e 2b oA grEel A Hsyl gk weka,
2 AYolA AH-E AL E FAe Y Ay HA
WA Aol ek 1084 Ao Atsd}. 29 b= T
NAARZL whel AR HzstA] d o EA] 28 FER
of dojrza] HE2HS ZAF Flojr}, EA] SR HA
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droplete] HHel) =3}l 9 e w P22 2 7o},
o] A A YA AFE FHAYA A7} vt 2
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Fig. 4. Surface energy of copper plate as a function of treat-
ment times with 1,1,1~trichloroethane.
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Fig. 5. Contact angles of copper plate as a function of treatment
times at room temperature.



M) A)zte] F7tge] we} HEzbo) YD-128 21} R-
1309 7] &5 2iasiedck. ey, AMejAlzte] ok |0&
ot M= HEze] A9 Wiz} glg& & 5 Sk e
A & AZNA AR L2 FEbE ARE Py A
3 ATl o 1089E & & Uz, AHEE F A=
Al 2] Fo R-1309 27} YD-128 2 2o} 23 &
Z 7ol zbol A-2-A (wetability) o} $-53te] A uado) T
AB}HOR P Ao 8 Alg o)

NEAZIO| o2 ZHEHEAN

dubdo 2 ¥we AJME (roughness) o we} XA
o] 7Rk REA A FL& ZIAHQ 222 (me-
chanical anchoring site) 7} Z7}3 0 2 9l AJahede) 3
HAHoz FAHE. 28{e 2 EAgHA A BAF 5 9l
23k 7AA % (weak boundary layer) & ol218F roughen-
ing T &k AT Eo] A Ho R YEF Ay P4
of ZIhEt B AN AM4E NALRZ FugHs
MNAERE 75 Azt 2 Fxde) A yys) &
EEAIREE FAA R A T pAsnt. 28
62 MALwe FuEHE Hyska] e A 10, 30,
60% F¢ g ¥ 4% Fgdo FAAAgulA
Faleloh 2% 6(a) & WALHE HsA 9o o8
EHY Apxlald o] Mgz ok A7 Aol
EHE BAY 5 sk o7 BB Az gF2o)
tedatd F2 EaiAoa Futa Fukalold) wiF R

>~

r & X

532 ofn

1 4™ Aol mojel ¥ Fu-olEA AL P4

1165

s AR FAdolet RodAlch 23 6(b) ~ (d) & 7RAA|
TE X AAAE} ohh AR A3le
o B ook 28y, 28 6(d)
+ WA Alzbel 600 R YT FEstA HelE dE 2
B(b) ~ (o) oA FEHAUYD A3 EHe] Foxls %e
A 5 9lgdnk olgA =g Hele o) A
SHAS ° AUA 7 FY slejro) R PF ] Eold
4%, & 7HAIA El%eé (mechanical interlocking) ©)
old o glo AR v BAY 5 sinka Abs g},
IHEAZH e "*2‘4—1
Fue A Lol 2 Heldh Azlel whel 42 YE A%
A3 ool A AF D vheb Zo] TAANIA 2 HE2}
A, FAAARER R Ao} fARE A 2ok A
2 Heldhz] & wedt 89 A4 oF 0.46 N/mme
AREE Byden, Hyr|gte] F715e) wel FRF A
A YFHESE Qs FHAAAPL Frbete] AR A 9] HEA
A=7} F7hetda, ofof npe} HHe] ok 0.59 N/mmZ
7kt ot WA Az e] oF 108 o)F A= P2hade)
5}7} Aol doji}z] oo} B A4 AIEF A SR
T2 NG S A A9 AME A o 1089
“@'!h'?f] & ¢ Slsdch e, gk 2 N E ol A
a2 ohh Frlstdont Anoixle 2 dA gL 4
3] o} Bto] Byttt upeba] UAxpA ] Wigjo R
g Zepo)mE A HEY F48 22 Aste

[«3

o{» sz ot

e of

(c)

(d)

Fig. 6. Topography of copper plate as a function of treatment times in 1,1,1-trichloroethane. (a) No
treatment (b) 10 min treatment (c) 30 min treatment (d) 60 min treatment.
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Fig. 7. FT-IR spectrum of polysilane before and after
hydrolysis. (a) : before hydrolysis (b) : after hydrolysis
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Fig. 8. DSC thermogram of polymerized silane.
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Fig. 9. TGA analysis of polymerized silane.
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Fig. 10. SEM photography of emulsion and solution polyme-
rized silane on the copper plate. (a) emulsifier-free emulsion
polymerized silane (b) solution polymerized silane
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Table 3. Change of Peel strength with Silane Coating
gf__fhe Copper Plate

urface Treatment™® | No treatment! 10 min

Descriptions (N/mm) (N/mm)
No silane coating 0.46 0.58
- 1 ] 0.24 0.26
- 2 2.09 0.56
3 0.86 0.49
4 ] 0.82 0.55

*:1,1,1- trichloroethane treatment of copper surface
(Note) 1: Solution polymerized silane in THF
2 : Emulsifier- free emulsion polymerized silane di-
luted in benzene
3 : 3-aminopropyltriethoxysilane
4 : 3-glycidoxypropyltrimethoxysilane
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Fig. 11. Peel strength as a function of concentration of low mo-
lecular weight silane. (a) 3- APTES (b) 3-GPTMS
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Table 4. Conductivity with the Treatment Conditions of Copper Plate

S Sheet Resistance | Specific Resistance Conductivity
Q) (£em) (S/em)

Pure copper 0.00309+2.16 x 10°* 1.24x107° 0.81x10°

1 0.00321£0.86 x 107* 1.28x107° 0.78x 10°

2 0.00264 £ 1.65x107* 1.06x107° 0.94 % 10°

3 0.00300+5.12x107* -1 1.20x107° 0.83x 10°

4 6.93x10°+1.72x 10° 2.77x10* 361x107°°

5 0.00362+1.00%10™* 1.45x107° 0.69 % 10°

6 0.00362+1.00x107* 1.45x10° 0.69 x 10°

—

Note) 1: 10 min treatment by 1,1,1-trichloroethane

: Coating of solution polymerized silane

: Coating of emulsifier- free emulsion polymerized silane
: Coating of 3-aminopropyltriethoxy silane

: Coating of 3-glycidoxypropyltrimethoxy silane

: Coating of vinyltriethoxy silane
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Fig. 12. Conductivity with the treatment of low molecular
weight silane on the copper plate.
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