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Reliability of flip-chip Au-Au bonding

B Purpose
I Interconnection reliability of 20-um-pitch flip-
chip bonding.
| Effect of CTE of underfill resin.
i Methods

I Chip-on-chip (COC) structure.
I Three kinds of filler content.

I -40°C to 125°C, up to 1500 cycles. Electrical
tests of daisy-chain circuits.

I Failure analysis and simulation.
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Experimental model

12pm sq., 7.5um height
Si Chip (before bonding)
(10mmsqg.) — —° _

50um
Underfill Resin
(<10um)
Al Pad
Si Interposer 500um

(18mm sq.) °

Bonding Condition: 245N, 7 s, 350 °C
Underfill Cure Temp.: 80 °C
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Material Properties of Underfill Resin

Unit | Resin A | Resin B | Resin C
Filler Contents |wt % 0 50 60
Elastic Modulus | GPa 3.2 6.0 8.5
Tg °C 136 136 134
CTE (<Tg) ppm/°C 71 41 33
CTE (>Tg) ppm/°C | 192 103 106
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Cumulative Failure Rate
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Results of FEM Analysis
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Ultrasonic Flip-chip Bonding

I Purpose
I Basic evaluation of ultrasonic flip-chip
bonding (UFB) of 20-um-pitch bumps.

I Methods

1 Chip-on-chip structure.

I Positional accuracy.

I Electrical test with daisy chain circuits.
I Chip damage check.

I Micro-analysis of bonding interface.
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COC Structure for 20um-pitch Interconnections

MCOC Structure W20um-pitch Au Bump

Au bump
(20um-pitch, 12um sq. , 1844pin}

0
S 4’”&% THT TTL’ Sfmjm

(10mmsq.) s e B e ey I 7 5umn
V i w‘-l . “m

/ Al Pad 00um

i C

Si Interposer ' m%m
Passivatio i 22d
n

(18mm sq.)

X 1.5u—2 2.5

/SET
UFB Conditions

BUFB Profile

Ar Sputter Cleaning

30nm Au Etching 10ms
|
8 1bOn1s
150°C, 3um 2 1 7 [3um|

aE

£E3X | _/ _300ms_ |

- |

%) v

us Amplitudelv Tool 6 100 200 300
\ / Bonding Time (ms)

mTest Device for Evaluation

Si Chip
o Test Pads for Electrical Test

I

Si Interposer




G/ IR T 0000000000

UFB Bonding Accuracy
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+UFB bonding accuracy was confirmed within « 2um.
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UFB Connection Resistance
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<+ UFB connection resistance was stable.
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UFB Damage & Bondability
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4+No remarkable damage by UFB was observed.
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4+The solid phase bonding interface was discontinuous boundary with some dislocations and vacancies.
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Copper Bump Bonding

B Purpose

I Basic evaluation of dry process applicability
to under bump metallurgy (UBM) removal.

§ Methods

I Application of ion milling.
I Analysis of residues around bumps.
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Dry Processes Applied to UBM Removal
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Summary

1 Reliability
I The reliability strongly depended on the CTE of underfill resin.

I The fractured portion was identical with the maximum plastic
equivalent strain.

I 1% or less value of the maximum plastic equivalent strain
certified more than 1000 cycle of TCT life.

1 UFB
I Bonding accuracy was confirmed within « 2um.

I The fundamental bondability of UFB was confirmed with no
damage around aluminum pads.

1 Some dislocations and vacancies were observed at the
interface, however, the atomic level bonding was confirmed.

I CBB

I Dry process was applied to UBM removal.
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