[= &] A58 37
Korean Journal of Materials Research
Vol. 8, No. 5 (1998)

oy AE BEe AE A, AR L A=Y WAL A% A5 9
g
F4er)ed AETEs

The Influence of Bonding Parameters on the Contact Resistance, Adhesion and Reliability of
Anisotropically Conductive Film(ACF)

Myung J. Yim and Kyung W. Paik
Dept. of Materials Science and Engineering, Korea Advanced Institute of Science and Technology
373-1, Kusong- Dong, Yusong-Gu, Taejon 305- 701

(19973 49 269 b8, 19983 29 274 HF5H 2 L)

o

£ B B QdFdMde LCDAFAE o AE W] AV Ax Adg olsiEly] AsA, UA slate 4 =¥ &+
o a7 A QIRIE Foizt oA Ax "B AUH, 7AH §4 2 AR vAE HE W S dFskc). owA
A% 5& 58 A3 Ax dAe 2zke] 24 iAok 7] Abo] 8] 7]A A HEFol o8 A2 o art AFrt 2A FHE A
o] FE= HE 7]7-o[t}h. mpeba A4 byl mel zZhzbe) £ gixle] Wy e R s Alo]o] HE wiHo] ¥zl oy Ax
PE HE: AL ola A= wlx wistel o8] AAHY. AL e alet 271 HE: A2 Faselrt AR HE: 2GR} ¢
AoEe AFE 2ok 2 g2 A dHoMdE 2358 AR5 U7} EvMgS Bk oA AR 2§ ALY HAYg
Hrhstr) el F HIAE (peel test) & AlAsdedl, A% 4 HE 25§ F7 AAFE oA AR IF HLo A3 FPC
(Flexible Printed Circuit) 2t ITO (Indium Tin Oxide) @ 7Fe] H2H e Frlslige). oA Ax Y& HS5 AF HF
Hol ulxE FAHA 2g W7 H8 22 AR A, 5 Ale|Ed AE, 1d 1d A1YY] A AFEE Agslder, of
3 2L T5 AP0 ACFASQ 274, 7144 B4 714 et g Fooh. £ 2 o2 J&E 78} 242 ¢fHo R He
Hee o), 28T EAYAEE F4 2 ° Fou] xbr) AHEE o A4 o] Ko F& AL EAAG

=

Abstract To understand the mechanism of electrical conduction in ACF (Anisotropical Conductive Film) for LCD
packaging application, we experimentally investigated the effect of bonding parameter on the electrical and mechani-
cal properties of ACF joint using nickel powders and metal-coated polymers filled ACFs. Electrical conduction through
the pressure engaged contact area between conductive particles and conductor substrate was the main conduction
mechanism in ACF interconnection. Therefore contact resistance of ACF jpint was determined by the contact area
change between particles and contact substrate. The decrease of connection resistance was followed by a constant
resistance value with increasing applied bonding pressure. Another interesting observation was minor increase of
resistance at high bonding pressure. To evaluate the adhesion property of ACF joints, peel strength test was per-
formed. Peel strength between a Flexible film and an ITO(Indium Tin Oxide) glass increased with increasing bonding
pressure and bonding temperature. In addition, environmental effects on contact resistance and adhesion strength such
as thermal aging, high temperature/humidity aging and temperature cycling were also investigated. High temperature
/humidity aging test had the most detrimental effect on ACF joint. The deterioration in interconnection resistance
was higher for the sample bonded by excessively high bonding pressure than those bonded by appropriate pressure, for
the sample with Ni-filled ACF than those with Au-coated polymer-filled ACF.

PN = £ 32 FobAlx k.

ACF+ =2 izbe} o343 24 (insulating adhesive)

A A3 H7)A Aol B o4 BARe) A Z FAS b, e 2EeA B $9 1/0 Bt
Yo Zobol et e 0] FL AL b A2E T wARHAAS ] AP AEolch. ACFE ©]4% LCD I
Wol WA Lart W4 Srbekn Ak 58] 9ld O 714 71€9) @ Al Chip-On-Film 7)&e) 4% o))
Zajo] Fobol A ik B4E, 283, Asbeel g $ AGH2E 100m HH (itch) ol4ke] A AL B
A2 gl et bgoln THxl 2w vl WA Ahgo AMEHT glew, 50m olske) Ful4|

A %) wbgsh ARl 377} Bolx|w ook, ol
e} 2 LCD 3717e) 75 W3 47 Hdste) AAA,
714 Aoz AgEe ol AE L5 B B4

kA H4-& 7158 ds Chip-On-Glass 7]€9] Ak
A Agx 3] A9 Foloh =3 ACF= $HE A
st £33 (Flip-Chip) 7]gol4 e HE7bsAd= o)

— 399 —



400 gAads A AW A5E (1998)

$ g2 7o' BuE QoY

ACF A&ollxe] A7jd Axdde, 97454 o4
#212] £2)H matrix ol F4kE gle =4 =), A
£ o FAl) ZleigE 9 el o8 ALdxle] £
w3 NAHe R HE5A HHEA o) Fo3icky ¢eA )
o}, olm =4 ixte} AE whxjele] AHE-L Yo o
T =44 JJRFe) WYkl wel dAF HE: HAE kA
A zch AR A7)A PEE o)F 7] HsiMe A=At
o H&Art 2R HEEHE o|F2 glojok ). o
HoZ oA Ax P 3t H&o HEANFL A&
hd, =A)be] ZAH, A7) Ao 9FE wEer)®
ob-&3) AEFAFY Bk ole} oY Hr P HHy
2 AR A oY, HS 25 5o W5y g% W
ot oA Ax "AEo] A faEde] H)A )&l
de] Abg-so] B AgddlelErt F3 5] QAR Ay A
=59 7144 A4 9 A vlXE ALHae oFe
TFZAHZ olsal7] ¢F AlEE Hleh. 2 B a3
ol oML FEE 53 AVH A4 54l v]A
AEMeo) ¢ AP 2 138387 Y8l % o4y
b o) =]izle] YA A71Y A& AP W
, AREE A, A4 SdelA A7)H AHEo)
B 5739 ool ofd wkhe-& A AE Y W Y=
FHA zdsHc)

2 MY

O A - T O o

oty M EHE

£ A3 A" ACF 282 547 & 20~30m A
Zo)al H7o) < 5ymel VA ixpe} F I FH Faw ¢
A7) 247t 2AYAE ARy 8] B A E
A BAFAZE o) 74A Zlne) 2 PAHy ¥
Aol 2= (Tg) F 714 odEFA] FA7} AHEH AT 7]
of 2 7}x] ot & o|FA) 79} AsA|, 34 & ¢
Z#) A|zZstoc). 53] dubael AxA FZA (conduc-
tive adhesive) 9} th24 20 o)) wE A3} 7158}
=& Az=Ech Q7ld YA izte) F 29 @ A
A=) EAkElo] EFAE whE ) oF7] 44 o134
of "E3} A7t

AR E thAle] ITOHe] 400~500A FAE Ad £ X
® Y2 Aok oo ITO Fel2 AT 50
~70 2/00°lch. 282 o] ITO Fa| £ o) ACF H&5E
o] & §-% a4 3|2 (Flexible printed circuit;FPC) = 7
E Za)olul= (Kapton polyimide) RE 9ol 200im 7] %]
2] metallization 3|®W& 71211 glc}. F< = el o3t
Ao g AHug oF 35m FAL 2 AF $d
A Fo] EANE 2t 2um, 0.5m4 A7) g5 9]
o}

Hat 33

AZsl7] Aol ZE ITO 29t FPCE A& B4
dEAE F 5 JE FEES AAS) d £uE A
A goldich, ACFE A& Wdubg el m7|2 A=pd o

Table 1. The Bonding Parameter for ACF bonding

Pre-bonding of FPC to glass substrate

Temperature(C) 80
pressure(Kgf/cm?) 2
Time (s) 5
Final bonding of FPC to glass substrate
Temperature(C) 180
pressure(Kgf/cm?) 2,34,5
Time (s) 20
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Fig. 1. The four-point probe technique for the measurement of
contact resistance.
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Fig. 2. Schematic diagram of peel strength measurement of
ACF-jpinted FPC to ITO glass substrate.
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Fig. 3. Connection resistance plotted as a function of bonding
pressure
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Fig. 4. Cross section of ACF joint with Ni particles at (a) 1.5kgf/cm?, (b) 2kgf/cm?, (¢) 3kgf/cm? and (d) Skgf/cm®
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Fig. 5. The relationship between bonding pressure and inter-
connection width
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Fig. 6. Cross section of ACF joint with Au-coated polymer spheres at (a) 1.5 kgf/cm?, (b) 2kgf/cm? (¢) 3kgf/cm? and (d) Skgf/cm?
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Fig. 7. The effect of bonding temperature on peel strength of
ACF pints. Bonding conditions: 3kgf/cm? 20 sec
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joint verses the bonding pressure.
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Fig. 9. The connection resistance distribution of initial and at
the completion of the three reliability tests : bonding pressure is
2kgf/cm? (a) Au-coated polymer sphere-filled ACF and (b) Ni
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Table 2. Electrical contact resistance(£2) of the ACF interconnection between ITO glass and Flexible Printed Circuit be-

fore and after the Environmental Tests.

*A: Ni-filled ACF interconnection
B: Au-coated polymer- filled ACF interconnection

Bonding Electrical Resistance(£2) No. of
Test ACF type¥  pressure No. of test joint (mean value(standard deviation)) open
(kgf/cm?) before after | pints
2 28 0.771(0.136) 1.614(0.488) 0
A 3 28 0.459(0.059) 5.308(4.546) 0
125 C aging 5 28 0.483(0.065) 1.687(0.125) 0
500 hrs 2 28 0.718(0.095) 0.865(0.125) 0
B 3 28 0.518(0.096) 0.53(0.101) 0
5 28 0.56(0.141) 1.405(0.774) 0
2 28 0.771(0.136) 177.68(176.2) 15
A 3 28 0.459(0.059) 72.06(28.89) 22
85°C/85%RH 5 28 0.483(0.065) 666.25(195.5) 21
500 hrs 2 28 0.718(0.095) 21.44(15.20) 1
B 3 28 0.518(0.096) 25.2(22.01)
5 28 0.56(0.141) 41.347(20.8) 10
2 28 0.771(0.136) 3.634(2.37) 0
A 3 28 0.459(0.059) 1.702(0.901) 0
temperature 5 28 0.483(0.065) 2.18(1.092) 0
cycling 2 28 0.718(0.095) 1.165(0.361) 0
250 cycles B 3 28 0.518(0.096) 1.064(0.714) 0
5 28 0.56(0.141) 2.02(0.706) 0

Table 3. CTE’s of metal and adhesives

Coefficient of thermal expansion (10-5/7C)

Conductive particle Adhesive
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Fig. 11. Microstructures of ACF jints after (a), (b) 125 aging test, (c), (d) 85C /85%RH test and (e), (f) temperature cycling test.
The arrow in (c), (d) indicates the conduction gap.
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Fig. 12. Peel strength variation between before and after the reliability tests. (HT: High Temperature aging test, HHT : Hot Humid-
ity Test, TCT : Temperature Cycling Test) Initial sample condition : Skgf/cm?, 180°C, 20 sec.
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