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s 1. Polyimide Casting of Cu Foil and Curing
"= =mm—wmm— 2. Cu Pattern Etching

"——w—mr— 3. Fine Hole Making in Polyimide Layer
e wde w4 Metal Filled of Holes

'—;—;—;—' 5. Bump Making Ni, Au,Solder,Cu, etc.

SEM photo of ASMAT bumps
Diameter 30um)

Fig.4.1 Typical manufacturing process and micro-bump of ASMAT

Bump Polyimide
Cu Trace ' Compliance

Fig.4.2 ASMAT Micro-connection system
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Fig.4.3 Test block diagram and measuring head configuration
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Fig.4.4 Test outline of contact resistance of ASMAT bumps
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Fig4.6
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Contact resistance (mQ)

Contact resistance (mQ)

0 PTFE 0.3mmt

Polyimide 0.3mmt
60 - (E=540MPa)

(E=3720MPa)

«

50 [ ASMAT-A

Silicone rubber

40 F 0.3mmt
(E=10MPa) Au
30 1
20
10
0

0 2 4 6 8 10 12 14 16 18 20
Force per bump (x10-2N)

Fig.4.5 Effect of compliance material on contact resistance

40
35 - I Max. = 0.3mm ASMAT-A

Average -a- 0.5mm

25 - —+

20 -
15
10 -

O 1 2 3 4 5 6 7 8 9 10
Force per bump (x102N)

Fig.4.6 Effect of thickness of compliance on contact resistance
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Contact resistance (mQ)
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Fig.4.7 Relationship between force and contact resistance
70

Bump pitch 100

60 - _ ASMAT-A, B, C
Bump pitch 200

o))
o
I

w
o
T

Contact resistance (mQ)
N I
o o

=
o
T

o

O 2 4 6 8 10 12 14 16 18 20
Force per bump (x10-2N)

Fig.4.8 Effect of bump pitch on contact resistance
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Contact resistance (mQ)

150
Temperature 25
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Force per Bump
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Test stage

Fig.4.9 Effect of force and temperature on contact resistance
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422 ASMAT )

ASMAT-B  Al/SUS Fig4.10

A B A B 60pIm 15pm
13pm B AH  2pm

Au 2am Al lpam

t  50pm 300pam AH 1pm  S5pm
L 200pam 100pam
A
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B PI Al Cu PI
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F n A

100-300 pm | Analysis Zone
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Compliance
Material

A
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25 pm L ASMAT
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Fig.4.10 ASMAT micro-connection model for FEM Analysis
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Table 4.1 Properties of materials used in this analysis

Young's : . |Thermal
Poisson's _
Modulus : expansion
ratio

(MPa) (ppm/
Silicon 170000 0.30 3
Aluminum 72000 0.34 24
Nickel 220000 0.31 13
Gold 80000 0.42 14
Polyimide in ASMAT 4500 0.35 16
Copper 17000 0.34 16
Silicone rubber 10 0.49 330
PTFE film 540 0.30 170
Polyimide film 3720 0.30 20

Table 4.1 ASMAT
25 -150
Al B
B Al
Fig.4.10 AH  2pm B
Fig4.11 B
Al
B
Al
ASMAT-A L=300pam FEM L=200pam

Fig4.12
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Vertical Displacement (um)

Vertical Displacement (um)

0.0 Bump pitch = 200pam
Height disparity of bumps AH 2pam

-05 | -e— silicone-0.3
—-— silicone-0.05t
-=— PTFE-0.3

-1.0 ¢ -=- PTFE-0.05
—— P[-0.3

i —-— PI-0.05

-1.5

-2.0 |

-2.5 | | | | L

0 5 10 15 20 25 30 35
Force per bump (x10-2N)

Fig.4.11 Effect of compliance material on contact resistance of Bump-B

0.0 _ __
Height disparity of bumps AH 2pum
05" L: Bump pitch
L=75pm
10 ]
-1.5]
-2.07
-2.5

0 5 10 15 20 25 30 35
Force per bump (x10-2N)

Fig.4.12 Effect of bump pitch on contact resistance of Bump-B
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Figd.14
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Fig4.13
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Fig.4.13 Effect of height disparity of bumps on contact of Bump-B, bump pitch: 200jam
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ASMAT

Vertical stress (MPa)
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-1000
-1500
-2000

Fig4.15-a Fig4.15-b 25 20 10°N
150
Pl Cu
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Al
Al
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Bump pitch: 200pam
Height disparity of bumps: 2pam

Bump-B Compliance: Silicone rubber

= *—o— *— *— J
150
Temperature 25 /
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Force per bump (x102N)

Fig.4.14 Relationship of stress at the interface between bump and Al pad to force and

temperature
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Fig.4.15 Displacement contour maps, bump pitch: 200um, height disparity of bumps: 2,
compliance: silicone rubber 0.3mmt, force per bump: 20 x10-2N
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Metal
sphere

e, I Y

Model B Model D

Fig.4.16 Analysis models of Burn-in Test carrier using ASMAT

Side-1 bumps Side-2 bumps

Bump-Z

a) Lead pattern 0 Bump b) Lead pattern 1
Conflgulgtlon of Lead pattern O Lead pattern 1
carrier
Standard Model AO Model Al
sandard with spacer Model BO Model B1
Standard with stiffner Mode CO Mode C1
Standard WIth spacer Model DO Model D1
and stiffner

Fig.4.17 Lead pattern models of ASMAT
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Bump-Z NG
ASMAT
ModelAO DO ModelAl D1 3
Table4.2 FEM Fig.4.18
sidel-bump
0.1x0.1 side2-bump 0.08x0.09
70% oX O oz
2%
4.1 =35gf/bump n=21 A
Table 4.2 Properties of materials used in this analysis
Young's _ . |Thermal
Poisson's _
Modulus . expansion
ratio

(MPa) (ppm/
Silicon chip 173000 0.28 3
Compliance 10 0.49 330
Polyimide in ASMAT 5500 0.35 18
Copper lead 12800 0.34 17
Cover polyimide 5000 0.35 21
Nickel bump 220000 0.31 13
Spacer 173000 0.35
Stiffner-Alloy42 204000 0.29
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Side-1 bumps Side-2 bumps

/ Spacer

Stiffner

Compliance
Model A’ C Model B, D

Load force
Stress=FxN/S, F=35¢gf/bump, Numberof bump =21
S1=7.6mm?2 for Model A and C, S2=3.3mm? for Model B and D

Fig.4.18 Analytical conditions of FEM calculation

A0-Al B0-B1 CO0-C1 DO-D1

Fig.4.19
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1 Bump-Z
A0 BO
Al Bl Bump-Z
Al C1 Bl D1
Bump-Z
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Fig.4.19 Stress distribution at bumps
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Fig.4.20 Effect of distance 6 on bump contact reliability using Model D
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