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First Program: Microsystem Integration Project

Prof. Esashi, Tohoku Univ
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Dr. Maeda, AIST Massive Parallel 
EB Lithography

Maskless lithography 
for small batch

Heterogeneous Integration
MEMS, LSI, RF, Analog, Power

Optic, Bio, Fluidic, Chemical, etc.

EB Lithography 
High Efficiency  
Integrated MEMS 
Production

for small batchOptic, Bio, Fluidic, Chemical, etc.
Si, III-V, Piezo, etc.

Hands on Access 
to Fab. FacilitiesHigh value added devices

・Size-free Integration
・MEMS fabrication by

Production Stage 
Prototyping (8 inch) Low cost & 

low risk R&D

Initial Stage 
Prototyping (20mm□)

MEMS fabrication by 
micro-forming

Healthy aging (Artificial sensing organ)
Safety and security (Sensor network)
Advanced IT (Multi band wireless, etc.)
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AIST UMEMSME RC Tohoku Univ.

Advanced IT (Multi band wireless, etc.)
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High Efficiency Integrated MEMS High Efficiency Integrated MEMS
Production Technology

Improvement of Heterogeneous Integration Process• Improvement of Heterogeneous Integration Process

– Size-free Integration
• Bonding Technology

• High-precision, High-speed, Batch Assembly Technology

O i i i f h D i P• Optimization of each Device Process

– Large Wafer TSV Interposer 
• Large Wafer DRIE Process, TSV Formation Process

• High Efficiency Production using Forming Process
• Wiring Pattern Fabrication by Imprint Process

– MEMS Fabrication by Micro-forming
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• MEMS Fabrication using Injection Molding
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Heterogeneous Integration ProcessHeterogeneous Integration Process

SoC type (System on Chip)

CMOS process MEMS processp

SiP type (System in Package)

Waf to Waf (W2W ＷＬＰ)
MEMS

Wafer-to-Wafer (W2W、ＷＬＰ)
Analog

CMOS
Chip-to-Wafer(C2W)

CMOS

Chip-to-Chip(C2C)
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Applications of Integration ProcessesApplications of Integration Processes

• SoC type

– High speed, Small signal(Low noise)

– Mass production devices （High R&D cost）Mass production devices （High R&D cost）

• WLP type

– MEMS protection by cap-wafer

– Incompatible MEMS & MOS process

– 3D Integration

SiP type• SiP type

– Nonidentical chip size and wafer size
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– Small batch, Quick commercialization
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Comparison of Integration ProcessesComparison of Integration Processes

SoC WLP SiPSoC WLP SiP

Assembly Cost ◎ ○ ×

Data Rate ◎ ○ △Data Rate ◎ ○ △

Power Consumption ◎ ○ ？

Process Flexibility × ○ ◎

Wafer Size Flexibility ？ × ◎

Device Performance ？ ○ ◎

Chip Size Flexibility ？ × ◎

System Performance ？ ？ ？

Total Cost ？ ？ ？
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Total Cost ？ ？ ？
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(Wafer & Chip)Size-Free Integration(Wafer & Chip)Size-Free Integration 
Wafer-scale integration for a variety of chips

MEMS

Carrier Wafer

Analog RF

Cap Wafer

MEMSⅡ

MEMS

LSI

Interposerﾞ

Flexble Design
for Integrated MEMS

C i W f LSI Wafer Cap Packaging MEMS
Interposer

Device Chip

Carrier Wafer LSI Wafer
Temporary bonding on carrier Batch Bonding of variour chips

Cap Packaging
LSI

Hermetic Packaging

Merits
・Device design free from the limitations of wafer size and/or chip size.
・Optimization of device fabrication process of MEMS, LSI, Analog, etc. 
・Multi-layer stacking packaging and hermetic sealing using TSV InterposerMulti layer stacking, packaging, and hermetic sealing using TSV Interposer.

Technologies
・Temporary bonding and de-bonding.
Hi h d ti f hi i f
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・High speed sorting of chips on a carrier wafer.
・Low-damage and low temperature bonding process.
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Room-temperature BondingRoom temperature Bonding
by Ar Beam and Bonding in Vacuum

Vacuum Chamber

Atomic Bond

Surface Covered  
with Contaminant

Ar Beam Etching Activated Surface Bonding

Making Unstable Surface State by Ar-beam Etching in Vacuum
↓(S f A ti ti )↓(Surface Activation) 

Room-temperature Bonding
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Surface Activated Bonding (SAB)
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Bonding Strength Evaluation by Tensile TestBonding Strength Evaluation by Tensile Test

Specimen

12

Specimen
Distribution of tensile strength 
of the 34 specimens cut from 
a bonded wafer pair
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Thermo Compression Bonding of MetalsThermo Compression Bonding of Metals

Heater

Au, Cu, Al, etc.

Heater

Heating & Press

Process Temperature 200℃～
Mechanical bonding and electric connection, simultaneously
Hi h li bili d h i i f l di b di
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High reliability and hermeticity of metal direct bonding 
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Large Wafer TSV InterposerLarge Wafer TSV Interposer 
TSV fabrication in 300 mm Si wafers

State-of-the-art CMOS Devices 
Fabricated by 300 mm ProcessFabricated by 300 mm Process

Heterogeneous Integration 
using 300mmTSV

X ray transmission imageX-ray transmission image

MEMS PKGS st m i Packag 3D Stack d LSI MEMS Package
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System in PKG 3D ‐ Stack‐ PKG MEMS ‐ PKGSystem in Package 3D Stacked LSI MEMS Package
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300 mm DRIE Apparatus

10 Vi 70 i t hi 100 t h 3 i t hi

300 mm DRIE Apparatus

Sumitomo Precision 
Products Co.

10um Via, 70min etching 100nm trench, 3min etching

200 2umProducts Co.
Pegasus300

200um 2um
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Automatic Coater and Developer

200, 300mm wafers compatible

Automatic Coater and Developer 

, p

Fully automatic

Two type photoresists
Resist 1: 0 8 1 5 umResist 1: 0.8-1.5 um
Resist 2: 10.0-20.0 um

Primer
3 Hot plates
1 C l l1 Cool plate
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Mask-less Lithography
L&S Pattern Gray-scale lithography

Mask-less Lithography

120um992nm500x500 mm Litho-Area
DMD projection
St d t SStep and repeat or Scan
Thick resist  >100μm 
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300mm TSV Interposer Process Flow (Via First)

1 Ph t lith & DRIE

Si

1. Photolitho & DRIE

2. Back-Grind

3. Dielectric Deposition
(TEOS SiO2)

4. Seed & ECP-Cu&CMP
(EB Evaporation)

5. Organic Dielectric Film (PI)

6. Seed Deposition & Photolitho
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7. Cu/Ni/Au Plating & Seed 
Etching 8. Backside
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Large Wafer TSV InterposerLarge Wafer TSV Interposer 
Wiring pattern fabrication by imprint process

Imprinted Pattern
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Wiring Pattern
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Simple wiring process by imprint lithographySimple wiring process by imprint lithography

Process Siim
plificattion
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(a) Photo-lithography (b) Imprint Lithography
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Cu Wiring Patten Formation by ElectroplatingCu Wiring Patten Formation by Electroplating 
and Polishing

Si

Cu

Si

銅

SiSi

(d) Polishing(c) Cu electro-
plating

(a)Pattern forma-
tion by imprint

(b)Seed and 
barrier deposition

Imprint Cu Electroplating CMP
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MEMS Fabrication by Micro-formingMEMS Fabrication by Micro forming
MEMS fabrication using injection molding

Large Wafer Process

8 inch line

Low Cost MEMS 
ProductionProduction

New Concepts for Low Cost MEMS Process

MEMS Fabrication by Micro-forming Injection Molding

Low Initial Cost: Molding-machine and Mold, only

N A li ti b L t P l MEMS

No Vacuum Process:  High Throughput
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New Application by Low-cost Polymer MEMS



UMEMSMEUbiquitous MEMS and Micro Engineering Research Center 

MEMS Fabrication by Micro formingMEMS Fabrication by Micro-forming

Mold with membrane for MEMS MEMS device

Forming andForming and 
Pattern Transfer

Sheet with printed wiring patterns
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Sheet with printed wiring patterns
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Prototype Device by Forming and yp y g
Printed Pattern Transfer

1) Printed Wiring and Functional 
Material

Conductive Paste/ Piezo FilmConductive Paste/ Piezo Film
/ Conductive Paste

2) UV Resin 
Filli

UV樹脂

Filling

3) UV Cure

金型
UV光源

3) UV Cure

4) De-mold4) De mold

5) De ice
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5) Device
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High efficiency integrated MEMS production 
Large Area Wafer Level Package

Low Temperature
Mold with membrane for MEMS MEMS device

I j ti

Injection Molding 

g y g a S p

Low Temperature
Large Area
High Throughput

Injection 
Molding

12”TSV Wafer 
 30 um貫通電極 30 um貫通電極

Printed wiring on film

Wiring Patterns by Imprint

Nanoimprint Tecnology
Large Area, nm Pattern
Low Cost, High Throuput

250um

 30 um貫通電極
Cu

250um

 30 um貫通電極
Cu

Wiring Patterns by Imprint 

Formed PatternSi
断面顕微鏡写真

Si
断面顕微鏡写真

Deep EtchingDeep Etching
Electroplating New Function by

nano-StructureElectroplated Wiring
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Low-cost, High-value, Low environmental Impact


