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Abstraet: Conductive adhesives have recently received a lot of focus and attention from the researchers in electronics
industry as a potential substitute to lead-containing solders. Numerous studies have shown that the conductive adhesives
have many advantages over conventional soldering such as environmental friendliness, finer pitch feasibility and lower
temperature processing. This review focuses on the recent research trends on the reliability and property evaluation of
anisotropic and non-conductive films that interconnect the integrated circuit component to the printed circuit board or
other types of substrate. Major topics covered are the conduction mechanism in adhesive interconnects; mechanical
reliability; thermo-mechanical-hygroscopic reliability and electrical performance of the adhesive joints. This review article
is aimed at providing a better understanding of adhesive interconnects, their principles, performance and feasible

applications.
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Fig. 2. Components of electrical connection resistance considered:
(a) ACF joint and (b) NCF joint.
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. Distribution of the current density: (a) conducting solid sphere and (b) silver coated glass sphere.'¥

g Foted v dAbe] Aok FEH A =%
& AW A5 vaLste] o] Aol g Ak A
A= SR F vk Itk Fig. 30 el vhe} o] F 4
o AFRHE FEef I FAY EER ZH7he] 54
of 2 Fgtate ofEeAlolde A4 T dart vk

3. Mechanical reliability
AdhesiveE 0] &5 &
Hrvekr] sl Ald

L_

9 A7A AAE DL
2 713 L—xa x%;lg]—z 01_}3
(4 point bending test) 2 2F

% (peel tes)ol vk WA 47] WHE H9] A1EE B3t
ACFS} NCF (A ko] f-5-& A9 & Uﬂﬂ%l i
5 Y AL AAGE D A
A} B}, Fig, 4 (a)ol VeRd

2 e

ey
o
So) 4 0§ A8

daisy chain

Contact pads

om FR-4 substrate
for four-point probe
methad

L SERIISGHS

bottom span

apphied moment

(c) (d)

substrate Jength

constant

substrate width

current

measured
busp (E1-B4)

{u trace on Sichip

Cu traee
on FR-4 substrate

measurement

Fig. 4. Four-point bending tester and specimen used: (a) loading sample in the test machine, (b) FR-4 test specimen, (¢) schematic of
the 8i chip and (d) schematic circuitry of the four-point probe method to measure the electrical resistance of a single bump
interconnection. The marked symbols (E1-E4) in (¢) indicate the bumps where the electrical resistance was measured under four-

point bending fatigue test.'”

J. Microelectron, Packag, Soc. Vol. 16, No. 2 (2009)



0] Uﬂ 0.01 A«] A5 1_7

b

°
T
|

>
N
N
[o

EL
g

>
N
N

lo

SR S}l ME 543

o
W0

ACF 5 NCF 3 A Z2] At 513 8152 747} 75, 98N

o7 ZFAHJLH, o] & 7%

Fog 47 30%2] sHEE

WHE 917tk 478 3 AlES AT A 71A e
Kelvin structureZ 53 2 AA| o] A o] obd HEHF
=339 E, Fig. 4 (o)l
eldule} 7o) El, B2, B3 9 E49] F7Fo 2 o] 7}
7ol A 3k-s 433t} Kelvin structure®] A 7143 &

Qjuke #3e MEAC R

= 71—

A MAYELE Fig. 4 (d)d]

22 e

Fig. 5% ACFE ©] &3 #7|x] 9] vhE: 33 5ol wh

rlm

O

DC A7) A% Wake 2% SA = e ol
Iukd o 2 7)Ao F9 el i AaAe T

el o3 Al s, EARI AR 7)o FA ¢
A A, A B4, M array 743, W= 27, span (FH
7bekEe As Ax, A7IA
o] stiffness @ A1 @ 2% 5& & 7 Atk skFol A&

M EEREEEERIEIE

/A7FEE S 7)8e] |A FSHAA =L

Fo] 7hsi e whet 37

A3l 331 ol 2t W 5% 4

(a)

# Az 1 P;Lfﬂxhﬂ so] HF

o5 W 5}

=
[¢]

17ve] Z27] @A & @

o—
=

240

% =y 2 =4
2 2 & g
T T T T

Electrical resistance (Q,)

S
3

®

8110

—_
(3]
—

9
£
s

$120 5130 5140
Bending fatigue cycles

5180

5160

- - N

% 0 & 3

=3 > -4 &
T T

Electrical resistanee (82 )

&
3
T

S110

5120 5130 5140
Bending fatigue cyeles

5150

5160

Electrical resistanee { Q.)

—_
Q.
B

Electrical resistance (53

2 A7\ A7 o] ZHHA T, wHEstF] ofF A
Hoj] Ao} 2722 (delamination) 50 LA L A5
A agkol Mz F7betA Btk Fig. 54 & 4 450l
E3S} E4 $1x] oA 2] A3t wshyE E13} E29] 21580 o
3 Aoz oz A AL & e, ol 719
length W3Fe 29| F3 &2 o] width Fo=e 22 H
t} Z7] WjFo)t}, ojg s A= NCF A FFoMe &
A3HA Yebgt o, o5 Bl 43 W #E
<2 length ¥k 0 2 9] warpage”F width 43

2o Ade A 4 F 3

Fig. 62 Q17}81% 2 —rJl-—roﬂ w2 ACFSF NCF H ¢
2ol £ vehled, 218 Bl F3r7t 2olA
H o] F43] & o].x]ﬁ NCF XJ@LH_J /‘uﬂol ACF
el FREG 8 7“:}7: A& & F vk Fu
of W e Msls T3 vEsEol ﬂH}Eﬂ] 7}5Hz]

—_

=

h= = I = o RS T = B =
o tak AAAL 27 M| A o] A A€
O 0} Z= 0]
= 2 T X

3H H KAISTOﬂH = adhesive 5o WA 8-S

E8}o] OSP (Organic Surface Preservation) EHA ] 7€
9] adhesive 24 7H5 A& A @] B uf QIh
olo w2 ™, OSP A 2]7F ACF9] HEHe 3l 4%
o] 274 A& slo] ACFee] H3rE-g AT, A
oz A7) AHA A1 ol Fel = OSPSE ACFHe] Al
Auke] A4S EA 3] Z2oFEaL gt Fig 70l sl =
2o Y& A2 a8t &, Cu foilell OSP A
g glo] ACFE B8] 7133 H 5 dgAdS 2

>
=
k-

k)

@

3
Y

failure point ~ _\,

160
86 -

40
6

s110 5120 5130 5146 5150 5166
Bending fatigue cycles

200
160 |-
120
80 -
40 - i

0

5110 5120 5130 5140 5150 5160
Bending fatigue cycles

Fig. 5. Measured electrical resistance for the ACF package under bending fatigue test (1 Hz): (a) El, (b) E2, (c) E3 and (d) E4 (see Fig.

4c)).

wlolzz At 2 9714 84

A 164 A2E (2009)



r
L
o
i)
Y
M
it
L
o
%

—
&
-

Bending fatigne eyeles

IHz 3 He

Frequency Mz}

1 Hz

Bending fatigue oycles

LHz 2 He

Freguency (Hr)

3 Hz

Fig. 6. Plots of bending fatigue cycles to failure for the packages
with adhesives: (a) ACF and (b) NCF.

3HH, Fig. 7 (a)°] VFeEbY: Ble} o] ACFS) Cu foil] A
Holl A Bhe] 7 dojibA]el, OSP A& o] F HTH-E A
A 79 ACF W 5ol A JJrT; o] WA gtrhL gt o] &
£35) 719 ENIG =% bare Cu 2o} OSP A2 7} 7]
AR A el B mgol 2 £ e Qo A8
el i sl

4. Thermo-mechanical-hygroscopic reliability

A 719 QA A3 & Hohske A RA A

Fig. 7. Schematics of the fracture paths: (a) OSP CCL-bare Cu foil
and (b) OSP CCL-OSP Cu foil.'®

474 7%

AT ATEE 5

7% 718l adhesiveE ©]-&35F H T o] 24 =
gk G o] T Ao HAIEE R adhesive H o] F &1
hxx ]*} 35}0 ALJ%E":‘ AR %.8,'5} ‘11)
= 247 ACF9} NCFE o] &3te] et 71X
Age HEZS J 5w 48
t}, B =R A% Kelvin structured E3Fe] 717]
2453, AP R wet £ el Ay AL
7}81Al 5+ Ohmic contact®] 74| ¥k 21 71871
#HoF g =d vehfith o1 7] /\% ﬂe
7He H UL 240°Co A 1B 0B HH
I;d 7461- )\I 'gzﬂadoﬂ 4@ o
7] 9)5te] Hireo] w2 DC A3 WEkxE th. 8ol L}
ER QAT
Fig. 8 (a)ll vrepet v} o] ACF &
7t FoHse] wet B E HEE
<
t}l

T 27 =

Jiz

Z7tet At ol ACF2] curing
ol Al A7 A7 A E e E<9t matrix
b Djﬁo g‘ﬂa}\}\moﬂ
o= AR HrHENd 6ON°ﬂ 1
9- 9F 100% ¢}/ A ge] F7heke A
b e ggEow A ME
L 2= 29 28] & 33 AA Al Ohmic #74e] ¢

Termination of 7
Ol:xmic behavior

5L :
0 1 2 3
Number of reflow
(b) a3l ' T T T ]
—~ —=— 60N
e o 65N|
P B S — ~v— 75N ]
£ 40 o —4— 80N ]
87 Terminationof | | gsn
@ 21 hmic behavior B
@ —
§ 18 i ]
§ 150 ]
12} e — Ll h
§rop ¢ 1
0.9 L L 1 N L
[ 1 2 3

Number of reflow

Fig. 8. Variations of connection resistance of joints bonded in
various bonding forces with number of reflow: (a) ACF
joints and (b) NCF joints.'”

J. Microelectron. Packag. Soc. Vol. 16, No. 2 (2009)



Fig. 9. Cross-sectional views of the reflowed adhesive joints; (a),
(b) reflowed ACF joint for one time bonded in 85 N, and
(c), (d) reflowed NCF joint for two times bonded in 85 N.
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Fig. 12. SEM images of the active face of the Au-bumped CPW
chip (a) and the CPW quartz substrate (b).
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