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Future market of semiconductor industry | Itz

. expands into various fields.
[ICT -Nano-tech+Bio- Robot]
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“Advantages of 3D LSI B9,
B Conventional 2D LS| M 3D stacked LSI

Functional i ' Vertical
Block . interconnection
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1. Short wiring length 5. Low cost

2. High packing density 6. Parallel processing

3. High-speed operation 1. New function

4. Low power consumption 8. New application
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3D integration: two approaches
«Jisso (Package) level
«LSI (Tr) level

2D LS| wafers with
vertical interconnection

Wafer thinning

—_—

Wafer-to-wafer
bonding

First proposal of 3D LSI using wafer-to-wafer bonding with
buried interconnections and micro-bumps (1989)
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3D Integration Technology Using Wafer Bonding and Thinning
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3D LSI Structure Using Tohoku Univ. Method
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Key Technologies for 3D LSI Process {:
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Support substrate
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Buried interconnection

_— . Adhesive layer
Buried interconnection

formation Metal micro-bump
*Metal bump formation
+Wafer alignment R
»Wafer bonding uu:'rg-m‘-‘ﬁ—_.”
-Wafer thinning Ei’—‘%[;r?—— Lk
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IR Images of 3D Test Chip
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Before alignment After alignment
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Image sensor
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AMP & ADC

‘ Resistor
NS Processor

H. Kurino, M. Koyanagi ef a/, IEDM, 879 (1999)

| |} Light | Quartz glass

. DRAM
i
DRAM

SRAM

Processor
Ganglion cell layer
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SEM Cross-Section of 3D Micro Processor &3,
Fabricated Using Wafer-to-Wafer Bonding L
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Metal micro-bump

30um

MOSFET

Buried interconnection
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Publications of Fabricated 3D IC Chips [
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+3-layer stacked image sensor chip(Mitsubishi) (IEDM, 1986)
Laser recrystallization

-3-layer stacked image sensor chip( 7ohoku Univ.) (IEDM, 1999)
Wafer bonding (Wafer non-transfer, Buried interconnection)

«3-layer stacked memory chip( 7ohoku Univ.) (IEDM, 2000)
Wafer bonding (Wafer non-transfer, Buried interconnection)

-2-layer stacked image sensor chip (MIT) (ISSCC, 2001)
SOl wafer bonding

-3-layer stacked artificial retina chip( 7ohoku Univ.) (ISSCC, 2001)
Wafer bonding (Wafer non-transfer, Buried interconnection)

«3-layer stacked microprocessor chip( 7ohoku Univ.) (Cool Chips, 2002)
Wafer bonding (Wafer non-transfer, Buried interconnection)

«2-layer stacked image sensor chip (MIT) (ISSCC, 2005)
SOl wafer bonding
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3D LSI Projects in the World &
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HUSA (DARPA)
IBM, Freescale, Intel, Stanford, MIT, Rensselaer
Polytechnic, etc.

WEC IMEC

B Germany
Fraunhofer, Infineon

MJapan
NEDO-project, ASET consortium
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Conceptual Structure of 3D Super-Chip ?{?@1
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MEMS chip il Sensor chip
CMOS RF-IC [, JECECT MMIC
| Analog LS|
Power IC [__L11. [1 Control IC
Logic LSI ]
] Flash memory
SRAM
| | DRAM
Processor
Interposer
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Comparison of 3D Integration Technology %
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Bonding Wafer - Wafer / Chip - Wafer\ Chip - Chip

Yield Low High High
Availability of ; i
chip size Low High High
Throughput High Low=>High Low
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Key‘ Technologies for 3D Super-Chip Integration

@ Chip alignment

Total thickness
<100 um

<

@ Chip thinning

® Micro-bump

Ui\ flm_Jm]

Supporting LS| wafer

3rd
layer

2nd
layer

1st
layer

® Adhesive injection
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© SEM Cross-Section of Si Trench Formed
. Through Thick SiO, and W-filled Si Trench

Sio,
Tum

Si trench
28um

W-filled S
trench
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Chip Alignment by Self-Assembly Technique R X
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Hydrophobic surface on handling substrate
Hydrophilic surface on handling substrate

Liquid

»

Backside surface of 1% chip

——le

1) Before
placing 1st chlp

»
2) Just after
placing 15t chip

3) 30 msec after
placing 1%t chip

4) 60 msec after
placing 15t chip
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SEM Cross-Section of 1st Layer Chip ;5”’»'"
Aligned to Plateau on Handling Substrate m«?

Cross-sectional view e
‘Alignment

tolerance:
Olum>

18t layer chip

Bonded interface :

Plateau on
handling
substrate

Top view

18t layer chip N

Bonded interface

Plateau on /
handling '
substrate
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60 msec after
placing the chip
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Cross-Section of 15t Layer Chips &g,

Bonded onto Supporting LS| Wafer T
Using Self-Assembly Technique ToHoKY

Supporting LS| wafer

Before thinning

60 um

SEM micrograph Photomicrograph
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Adhesive Injection Test Using Quartz Glass Chip

(a) Top view Cross-sectional view
" Quartz glass chip (5X5 mm?)
~

Adhesive

Adhesive —, Microbumps (~4um in height)
(b) Just before Injected area Completely

Quartz Injection Area to be injected injected

0 sec 20 sec 110 sec
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Photomicrograph of 1st Layer Chips
Before and After Thinning

%efore thmﬁmg

Bottom of buried
interconnection

SEM micrograph of the backside
surface of 15t layer chip after thinning

e
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Photomicrograph of 1st Layer Chips
After In-Au Micro-bumps Formation

Tmm
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if:’f,P’hotomicrograp‘h of Three-Layer BN & .;é
~_Stacked Chips with Different Chip Size [
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'SEM Cross-Sectional View of
3D Memory Super-Chip (10 Memory Layers)

280 um

ed interconnection

Supporting LS| wafe
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Application of 3D LS| Technology &%
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Robot

Digital
Consumer

Flash Card

//

Less Powar + Loss Heat
+Less Cost  « Less Noise /

« Less Space - More Capacity
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