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Bumpless Interconnect
&
Surface Activated Bonding (SAB)
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Package/Flip-chip
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What is bonding?

Contact of diamond (001) surfaces
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Energy gain by contact

m Any high temperature reaction necessary
m Room temperature bonding is possible, if

» Surface activity is ensured  Native oxide and contamination have to be
removed.

» Ultimate contact is ensured  surface roughness <1nm or plastic
deformation
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Surface Activated Bonding (SAB)

-Native Oxide FAB bombardment
-C ontamination (Fast Atom Beam)

S e

S Y
RATECH SR T S
LR A AP Y D \Jf\/‘\’}:;* B et o R s
N e DD ->——>—>~.>—<ﬂh&—\r B L S S S, S S
Real Surface Surface activation  Clean and activated

m Room temperature process
m Direct bonding without intermediate

No thermal stress
Direct bonding

Surface Activated Bonding
(SAB) for metals

diamond |
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Applications of SAB
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MEMS package

Bump-less
interconnect

Stacking dissimilar devices
High density interconnect

i Wafer scale bonding
1

|
i
: |
SAB laminates
i Metal-metal ?
| Metal-polymer(LCP) |
|
|
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Applications of SAB metal laminates

Uncoiler Alfilm

Materiat A b ~ 1
SAB g | ] ]

Li battery safety valve
0/ | tigmm | nnse |

3D package/ SiP

Cu-Cu bumpless interconnect

on 3 um pad - 100,000 pins |
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Relaxation effect of interface structure by annealing
L RN S S

0 Bonding: vacuum 1.0 x 104 Pa, load 50 kgf/16 mm?
O Annealing 200°C 120min + 300°C 0/30/60min
Q Strain relaxed, voids disappear, and waviness of interface reduced

B8R 200°C120% + 300°C 355
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Cu lower wiring layer

Fabricated via Ejectroplated Cu

(a) The formation of lower wiring (b) Photolithography of via (c) Cu electroplating

layer and SiN insulator for Cu electrodes
Ultra-tow profiled
Dishing hollow ] Cu electrode ~ 60 nm
1 st CMP Etch back of SiO2 2 nd CMP
— —

(d) The 1 st CMP to expose the
SiO2 and Cu electrode
surface on the same level

(e) The etchback of SiO2 layer (f) The 2 nd CMP {evel
to ensure Cu contact whole electrodes
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SAB room temperature bonding

in air
Au-Au bump
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SAB-COC Bonder

Cleaning head
Cleaning chamberq
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:"Upper and lower 2sights camera table |

Reversal head
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Carrier tray loader

Bonding stage

4mm

Room temperatur bonding in air  Au-Au
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20
< mm > 400 Au bumps electroplated
on Si
Matal layen m Au-Au can be bonded even at

room temperature in air if the
process parameters are optimized.

m [mportant factors:
m Parallelism of chip to substrate
= Surface roughness of bumps

St rubstrate
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SAB local chamber bonder

SAB wafer bonding

MEMS Packaging
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Surface Chasbor

To bond 8’ wafer
with alignment accuracy of £0.5pm
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Surtace activated bonding of & Siwaters a1 room temperature

Contact with SON on the water 0,16 MPe. Cotd ralling with SkN/20cm=25kPa-m

IR image of 8'-Si/8’-Si (30s:30s) bonded at room temperature
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Active layer:
InGaAsP
SAB

Clad layer:
GaAs, AlGaAs

Asseimnly wnd patkatng of DEID

Si substrate

J

Bonding hetero-semiconductors
Opto-electronic integration

Suga Laboatry &

Fabrication of GalnAsP laser
on GaAs by SAB

n - InP Sub. (100), 350um
Etched out - HCI W 250 L Eectrode AupyTi
p - InGaAs cap, 0.2um ’ um/— g
| - - {; [ .,%/Wavelength 1.3um

n - InP, 1.5um
Active layer(QW) e o
---n - InP, 1.5pm - /
Polishing, D=100um Electrode Au-Ge-Ni
~

n - GaAs Sub. (100), 350um |

U-Tokyo, Suga-Lab
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InP Laser bonded on

GaAs by SAB
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Transmission (Left) and Reflection (Right) spectra for Quartz samples before and
after 1 and 30 min irradiation using a low energy ion beam of 80 V and 3 A.
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No characteristic absorption is found in transmission and reflection spectra over the ranges
from UV to near infrared regions (200-2000 nm). However, transmission spectrum declines
with increasing irradiation time . Significant reflection declination is observed on the black
part of edge of 30 min irradiated sample.
Suga Laboratry 65

59




Interfaces bonded at room temperature
using UV transparent intermediate

Si/Si Quartz / Quartz
Suga Laboratny 69
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Fused Silica Quartz to Si

Quartz to Guartz

Perspective of SAB

Chip on chip/ Chip on wafer

with ultra-high density of bumpless interconnect

MEMS packaging by stacking Si and non-Si wafers
EcoDesign
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Institute for advanced Micro-System Integration (IMSI

Consortium founded in 1998 for collaboration with University of Tokyo
« Development of GHz system packaging
« Room temperature bonding for ultra-high density interconnect
«» Environmentally conscious design for packaging

Alliance Members

Oki Electric Industry Co., Ltd.
SANYO Electric Co., Ltd.

Ibiden Co., Ltd.
SEIKO EPSON Co.
Hitachi Chemicat Co., Ltd.

Shinko Electric Industries Co., Ltd.

Liaison Members ————

)

sz:‘rp go KYOCERA Co.
y Co. Toyo Kohan Co., Ltd.
Toshiba Co. Y CMK Co.
NEC _Co. Mitsui Chemicals, Inc.

Hitachi Ltd. SUMITOMO BAKELITE Co., Ltd.

ijltsu Ltd. ) Fiji Xerox Co.
Matsushita Electronic Co. Toray Engineering Co., Ltd.

Mitsubishi Electric Co. Fuji Film Co., Ltd.
ROHM Co. Ltd. Ayumi Industry Co., Ltd.

Olympus Optical Co., Ltd.
Japan Texas Instruments Co., Ltd.
Toyota Motor Co.
Matsushita Electric Works, Ltd.

RERSG
The ‘Univeﬁi?/ of Tokyo, RCAST
Research Center for vanced Science & T ecﬁno(og

Nanometer-scale Manu acturing Science Lab.
Micro-system ‘Jntegmtion and ‘Pacﬁa,ging Lab.

cooperation with
Institute for advanced ‘Micro-System Integration (aMs9)

) Prof. Dr. Tadatomo Suga

Associate Prof. Dr. Toshiro itoh

Associate Researcher Dr. Naoe Hosoda (NIMS)
Assistant Researcher Mr. Kenrv'ichi Kataoka
Associate Prof. Dr. Matiar Hawlader

Prof. Dr. Katsuya Okumura

Prof. Dr. Jun Fujimoto (Asia-EcoDesig Project)
Assistant Researcher Mr. Kazuhiko Nakamura
Secretary Ms. Natsuko Kawamata

62



Quartz to Guartz Fused Sifica Quartz to Si

Perspective of SAB

Chip on chip/ Chip on wafer
with ultra-high density of bumpless interconnect

MEMS packaging by stacking Si and non-Si wafers
EcoDesign
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