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1.3 
ACP Processing

Dispensing
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Motomura et al, 
IEMT/IMC, 1999

Flip-chip Process using ACF
(KAIST)

IC Chip Conductive Conductive 
BallBall

Substrate

IC Chip

ACFACF

Heat &
Pressure

BallBall

Ni/Au Plating Ni/Au Plating 
Bump (20Bump (20μμm)m)

Cu /Au PlatingCu /Au Plating
PCB Pad (35PCB Pad (35μμm)m)

ACF (5ACF (5μμm)m)

4/23/2009 2

Ni/Au Bump ACF JointNi/Au Bump ACF Joint
ACFACF

Substrate
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WLP with Pre-applied ACF [Son et al (KAIST), ECTC’06

4/23/2009 3

ACA: Kim, Jang, Kim, Son, & Paik, Proc. ECTC 2008
Flip-chip assembly (e.g. on ITO) conventionally by ACF→WLP with ACP (ACA solution)

Viscosity increased by conductive & silica particles; high viscosity → voids
Viscosity decreased at higher T → no voids for 50oC print

Dry/outgas at 80oC ( no cure for T≤ 80oC)

4/23/2009 4
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ACA: Kim, Jang, Kim, Son, & Paik, Proc. ECTC 2008
Flip-chip assembly (e.g. on ITO) conventionally by ACF→WLP with ACP (ACA solution)

ACF

ACFACF

WLP

WLP

4/23/2009 5

Nagamatsu, Kakiuchi, & Suga  Proc. Polytronic 2007
Batch bonding using elastomer
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Figure 1. Elastomeric tool
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Ultrasonic ACF Bonding 
[Lee et al (KAIST), ECTC’06

4/23/2009 7

2.1 Adhesion
NCF flip chip on flex:

Peel strength correlation 
with degree of curewith degree of cure

(Tan, Chan, & Lui, 
IEEE Trans Adv Pkg 29(3) 2006)

4/23/2009 8

Cohesive fail →

← Adhesive fail
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Adhesion/shear stress 
with stress testing:
Epoxy variations
(Chen et al, ESTC 2006)

ACF3: snap cure

4/23/2009 9

Process 
bubble 
formation

Kim et al (Paik) 
ECTC 2006

Surface 
roughness 
correlation

4/23/2009 10
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2.3 Ni Particle Deformation with Pressure [Liu et al]
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0
0 5 10 15 20

Bonding pressure (MPa)

Force-Resistance-Deformation for Rigid & 
Deformable Particles [Wu et al]
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Contact area A = πa2 = πgRδ = gπ(3FR/4E)2/3

where (linear elastic) 1 < g < 2 (fully plastic)

Plastic

Kwon 
& Paik, 

Elastic

4/23/2009 13

IEEE 
Trans 
CPT 
2006

2.4. ACA Particle Flow
Adhesive Flow under Pressure [Mannan et al]

144/23/2009
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Early flow simulation results [Mannan et al]

154/23/2009

Flip-Chip Bumps (KSW-Microtec)

4/23/2009 16
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3. ACA Resistance vs No-Pb Solder [Wong, HDP’05]

4/23/2009 17

3.1 ACA 
Conduction 
Models: Analytical

4/23/2009 18
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Analytical Prediction & Experiment: 
Resistance vs Pressure

4/23/2009 19

ACA/ACF Electrical Modeling 
[Dou et al]

4/23/2009 20
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Agreement of models with experiment [Chin et al]

4/23/2009 21

The Role of ACA/ACF Contraction Stress [Kwon 

et al (KAIST), ECTC’05]

4/23/2009 22
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The Role of 
ACA/ACF 
Contraction 
Stress 
[Kwon et al (KAIST), 
ECTC’05]

Increase in 
temperature in use 
relaxes contraction 

4/23/2009 23

stress: 

CTE & modulus

ACA/ACF Contraction Stress [Chin et al]

4/23/2009 24
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3 Electrical Properties: High-performance packages

1.5 mm 1st Level Packaging

Electrical Performance and Pitch of Packages
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1.0 mm

µ-BGA

0.5 mm

2nd Level Packaging

SOP

PGA

BGA

25

High-Frequency Range

In
t

10 GHz 15 GHz
0.0 mm

0

Wire-bonding
ACF Flip-chip

Solder Ball Flip-chip

5 GHz

TAB

*SOP : Small Outline Package

QFP

4/23/2009

Test Chip and Board - Assembled DUT
MultiMulti--Through HoleThrough Hole ACF Bonding PadACF Bonding Pad

PCB
Si-Chip

Sili  ChiContact

GND (M3)

Embedded
Microstrip (M1)CPW 

on PCB
<75Ω Line>

26

ACF 

Silicon ChipContact
Probe Tip

CPW CPW

SiO2 

GND of PCB ACF Bonding Pad Through Hole 

M3M1

4/23/2009
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A comparison in transmission parameter of S21 
between an ACA bonded and a solder bonded 
flip-chip interconnect

4/23/2009 27

SPICE-Model for ACF Flipchip 
Interconnection (Paik et al)

Rball =
0.017Ω

L

Cpad =
8.48pF

Rbump=0.913Ω

4/23/2009 28

Lball =
0.017nH
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Measured Time-Domain 
Transmission through ACF

250

Input Pulse (80ps, 200mV)
Transmitted Pulse (Ni-filled Ball)
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4/23/2009 29

Time [nsec]
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50
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2.2 FEM Electrical Models: 
Solid & Coated Spheres

4/23/2009 30
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ACA: Particle 
Distributions

4/23/2009 31

Electrical Conductance Change with Particle Location
[Liu]

324/23/2009
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4.1 ACF TCE Reduction with fillers

CTE (ppm/°C)

33

CTE (ppm/ C)
Si chip             2.8
FR-4              18.0

Filled ACF:-
10%wt           42.9
30%wt           35.2
50%wt           28.0 Effect of Fillers  (Yim & Paik)4/23/2009

Effect of Fillers 
(Yim & Paik)

(a) 85/85

34

(b) Dry

4/23/2009
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4.2 Thermal 
Conductivity 
[Yim et al, ECTC’06]

ACP-3 has <1μm 
SiC fill dd dSiC filler added to 
Ni (ACP-1)

4/23/2009 35

Epoxy 
thermal 
conductivity 
with fillers
(Ekstrand, ( ,
Kristiansen, & Liu, 
ISSE 2005)

4/23/2009 36
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Anisotropic 
Conductive Adhesive 
(ACA) Enhancement 

(Rongwei Zhang et al ECTC’08)

█
█

Resistance ~mΩ

SAM‐1:
“Molecular wires”
Oxide reduction

Lower resistance
Higher max current

█
█
█

4/23/2009 37

5. ACP Reliability

Thermal cycling 
Flip-chip board warp
Substrate Effects

Flip-chip on FR4
Co-planarity, etc

P ti l  t

4/23/2009 38

Particle rupture
Humidity testing
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5.1 Daisy chain resistance values of flexible test circuits with 
various conductor metallizations bonded with Sn58Bi-filled 
ACA after temperature cycling from temperatures -40°C and 
+100°C (three hour cycle)
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5.2 Flip-chip warpage

4/23/2009 40
Nagai et al, IEMT/IMC, 1999
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Warpage increased by 
high CTE, Young’s 
Modulus
(Cheng et al, 
IEEE Trans CPT 2006)

ACF reaches process T quickly;

Increased t → substrate T eq’m

4/23/2009 41

5.3 ACA Flip-Chip on FR4 & Flex

4/23/2009 42
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ACA Contact R Variation on FR-4 [Liu et al]

4/23/2009 43

a
b

Resistances vary with pressure, 
which depends on position wrt 
glass fibers; (polymer softens)

ACA: Lu & Chen, Proc. ECTC 2008, pp. 1287-1293
ACA for Ultra-Thin Chip on Flex (UTCOF)

4‐point bending failures

Maximum 4‐point bends

Static bend 30mm curvature
444/23/2009
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5.4 Particle 
Rupture

4/23/2009 45

Particle Rupture

4/23/2009 46

Before                         After
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Rupture/Resistance 
Modeling [Xie et al, ECTC’06]

4/23/2009 47

5.5 ACF 

4/23/2009 48

Humidity 
Failure
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ACA Moisture [Ikeda et al]

4/23/2009 49

Moisture fails (Teh et al IEEE Trans CPT 2005)
MST JEDEC Level 2 Moisture sensitivity test 168hrs 85°C 60%RH + 3 x 240°C
PCT Pressure cooker test 144hrs 121°C 100%RH

50

Hygroscopic swelling → bending, delamination
4/23/2009
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6.2 Ordered ParticlesDisordere
d paste or 
film

Ordered 
film

4/23/2009 51

film

6.3 Hitachi Double-Layer Film
High Viscosity Particle Layer

Chip

Bump

Adhesive layer

Particle layer

4/23/2009 52
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6.4 ACF Adhesive Thickness

4/23/2009 53


