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Realizing Unlimited ULSIs
Bumpless and  Dual-Damascene Via-Last after Bonding
Ultra-Thinned Wafer Back-to-Front Stack 
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Yesterday, Today… Market share in Semiconductor

VLSI Cooperative Labs (1976~1980)
SEMATECH (1987~1998), ISMT (1998~)
IMEC (1984~), Leti (1985~)
Selete (1996~2011), ASPLA (2002~2005)
ASET (1996~2012), MIIRAI (2001~2011)
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Source: after Nikkei April 23, 2012
Estimated by 2009-2010

Comparison on WW R&D Budget
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Impact Factor of Semiconductor Industries
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No Longer No Choice Run from Place to Place

1980

1990
2000

2010
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Needs True-Integration among National Projects

Almost same research budget being provided but…

Japan Others
Gov. Project 

Consortium

Country and country

Univ. and Industry

 Business oriented target
 Leadership on strong steering
 Flexible planning and attractiveness for innovation
 Global opportunities
 Short and Long term Support

Needs Tangible Integration
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How many flogs will survive?

Boiled Water

Room Temperature

AA BB

Big shock let them know how to survive!
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40C 100F

50C 120F

60C 140F

70C 160F

80C 180F

65nm45nm32nm22nm

Do you want stay “Scaling Spa” any further?
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Moving Average Growth (Five Years)
BRICsBRICs

NEXT11
VISTA
NEXT11
VISTA

BRICs = Brazil, Russia, India, China
NEXT11 = Iran, Indonesia, Egypt, South Korea, Turkey, Nigeria, Pakistan, Bangladesh, Philippine, Vietnam, Mexico

Semiconductor
1970~1990

1990~2010

Current Status
2010~2020?

Regrowth?
2020?~

Good NEWS

WW Steel Growth Rate
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WW Semiconductor Market (Billion USB)

http://www.wsts.org/
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iPad2 32GB Model (USD)
Total Cost 336.6USD

Needs more Memory/CPU/Interface Devices
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18nm/32Gb

11nm/64Gb
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2D Integration

3D Integration

3DI Roadmap using WOW Technology

Tera-bite  Era

32nm/8Gb

22nm/16Gb
70%

50%

68nm/2Gb
70% Shrink

45nm/4Gb

50%
70%
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3D Based Products

3D Market and Scaling for TSV Interconnects
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Production Size

3D Manufacturing Roadmap

Our Target

Incompatible
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1K

Small Medium Large Giga Fab

Incoming Wafers (Wfs/M)

Front-End Process Compatible

3rd Generation
WOW

100K 1000K

Breakeven Point

1st Generation
COC

2nd Generation
COW
10K

Cost efficiency as a function of production size in 3D device manufacturing. COC 
obviously differs from COW and WOW in that it is not wafer processing and is thus 
incompatible with process facil ities in the front-end-of-l ine. COW and then WOW will 
be used for volume production in the next generation of 3D manufacturing.



Takayuki Ohba, Ph.D.



Takayuki Ohba, Ph.D.

Width
2D

3D

70%
50%

35%

Scaling and Form Factor

e.g. 32nm  22nm

140mm2  70mm2

70l  25l

Chip-sets Power Consumption
2D/3D <1/10~1/100 (IO CLK 200MHz)

Until now, huge 3D pictures have been proposed. 
Today and Tomorrow, “3D as well as front-end processing” is needed.
Until now, huge 3D pictures have been proposed. 
Today and Tomorrow, “3D as well as front-end processing” is needed.
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Mobile phone

PC inside

1G/1980

2G/1990

3G/2000

4G/2010

Portability x1000000
Price 1/100

5G/2020

6G/2030

2D/3D Architecture

Full 3D Architecture

Trends of Mobiles

1cc Era

Smart Phone
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Profit Model in the Scaling

R&D

Profit
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EUV (4G~32Gb/cm2)

Huge Investment

>6  Years
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i-line
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Immersion
Double Patterning

Synchrotron???
Incompatibility taken place between market 
growth and scaling cost
•Litho and FEOL tool cost
•Unavoidable invisible defect

Extreme Ultraviolet

EUV

Lithography Cost!
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Total System*

*Assuming outcoming wafers at 100K/M
Availability 18hr/day, 20 days/month, 4-mask each 

Today

Tomorrow

How many years?

Throughput for Lithography

EUV

ArFKrF iArFi-line

EUV

ArFKrF iArFi-line
10 BUSD!
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PR
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Single Mask

D0 ~ 0.02

1st PR
Expo.

HM Etch

1st PR
Remove

2nd PR
Expo.

HM Etch

2nd PR
Remove

Layer
Etch

HM
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Dual Mask

D0 = 0.04~0.08

Yield Loss due to Defects in Critical Layers
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Comparison of Yield for Large Integration
Yi

el
d

Systematic
YieldRandom  (cm-2)

at Critical Layers

Scaling (Dual-Mask Patterning)

Single Mask

Dual Mask

N Node

N+1 Node Up

Assumptions:
CD < 22nm
Dual mask  and  dual exposure
Hard mask and single etching
Die size (A) = 1.0 cm2

Down

Assumptions:
CD = 32~45 nm
Four wafer stack using multi bumpless TSV
No contact failure on TSVs
Random Defects (D0) = 0.1 cm-2

Die size (A) = 1.148 cm2

Yi
el

d
All GoodSystematic Yield

3D Wafer Stack (4-stack)

N-1

Easier to Reduce Defect

N Node

Up

Bad
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Shrink by EUV

WOW 3DI

16-stack

8x

4x
2x

70%
Assuming outcoming wafers at 100K/M
Litho Availability 18hr/day, 20 days/month, 4-mask 
every process
EUV costs ~90 million USD and  66 USD/cm2

WOW 3DI used  iArFand double-patterning
Specific cost (USD/cm2) of stacking at 2x, 4x, 8x, 
and 16x are 5, 11, 21, and  42, respectively.

Lithography Cost as a Function of Memory Density

100% Yield

40%

Due to invisible defects
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Valley of Death
Cost Crisis

2D Wafer Integration Technology

~45nm by ArF
3D Wafer Integration Technology

Y. Sugimoto et al., 
Science, Vol.322 (2008) 
pp.413-417

~22nm by Immersion Hopefully…EUV ~1nm

Technology Driver in Semiconductor

300mm w/ Existing nodes Multi Wafer Stack

10m Ultra-Thinning 
4G/2-stack
8G/4-stack
16G/8-stack 
…
1T/256-stack
2T/1k-stack

3DI WOW
Technology

Various Applications
DRAM/DRAM
Flash/Flash
DRAM/MPU
MPU/MEMS
MEMS/MEMS

Large integration w/o limitation
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http://ec.europa.eu/commission_2010-2014/geoghegan-quinn/multimedia/photos/201110_photos_en.htm

Experience on Wafer enlargement
6inch  8inch Two Year Delayed
8inch  12inch Five Year Delayed
12inch  450mm, more than 10 Years?

本当かな～
ネタが増えた ヤルノヨ！

2025年かな

Twitting somebody on 450mm Enlargement

300mm Wafer

450mm Wafer
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Dash-Neck 3~4 mm

250kg

What is the 300-mm Si crystal pulling?

There was enough economic background and global cooperation.
It was Win & Win relation among device manufactures and tool suppliers.600Kg

450mm

x8000!

Situation has been changed.

300mm vs 450mm
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2D Wafer Integration Technology

200mm 300mm 450mm
Hopefully ~2020

SoC
MPU
DRAM
Flash

Technology Driver in Semiconductor

3D Wafer Integration Technology

200mm and 300mm Multi Wafer Stack

10m Ultra-Thinning 
Various Applications
DRAM/DRAM
Flash/Flash
DRAM/MPU
MPU/MEMS
MEMS/MEMS

2-stack
4-stack
8-stack 
…
256-stack
1k-stack

3DI WOW
Technology

Large Si Surface more than that of 450mm

5BUSD
>10% Growth Rate

>20BUSD
~5% Growth Rate
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Wire Bonding
BGA

PCB
Interconnect

RDL
Cu/Low-k

Interconnect

Large Foot-print

2D Chip SetL2D

Advantages of 3D Integration

3D Chip Set
Power ~1/100 = L3D/L2D
>100 GBps Bandwidth
(Flexible Vertical I/O)
Large Integration
Cost  COC>> COW>WOW

L3D

Die-scale

RDL
Cu/Low-k
Interconnect

TSV
Interconnect

Block-to-Block Length 1mm~1cm   10~100m@3DI 

d/HL~cetanCapaciWiring
S/L~DelayRC
L/S~Bandwidth

Tr/MHz/nW1P
)VIVCf(NPower

2

2
Tr

DDoff
2

DD





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Univ. of Tokyo and WOW Alliance

IITC2009,MRS2009
■ Design for lower thermal
stress 

N. Maeda, et al., Proc. of AMC, (2008) p 91

M7

M6

M5
M4

M3
M2

M1

N. M aeda, e t. a l. AMC2008

AMC2008
■ Wafer level Ultra thin 7 stacked TSV’s

10µm

12µm

Cu-Multiple TSV

10µm

BEOL

IITC2010
■High reliability multiple TSV 
integration using by LT-PECVD process

BEOLBEOLBEOL

VLSI2011
■Micro channel closed 
loop system

Bumpless
Interconnects

TSV’s process

Ultra-Thinning

Multi-TSVs
High Flexible 

Connect

3 stacked TSV structure

WOW

Stress Reduction

Cooling

COW

iPS PLATELETS

VLSI2012
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CMOS

WOW 3DI

Cu/Low-k

Oxidation
DiffusionDiffusion

LithographyLithography

EtchingEtching

DepositionDeposition

CMPCMP

Grinding

Probe TestProbe Test

GrindingGrinding

DicingDicing

BondingBonding

MoldingMolding

InspectionInspection

LithographyLithography

EtchingEtching

Deposition

CMP
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gStacking
Lithography

TSV EtchingTSV Etching

DepositionDeposition

PlanarizationPlanarization

OxidationOxidation
DiffusionDiffusion

LithographyLithography

EtchingEtching

DepositionDeposition

CMPCMP

g yLithography

gEtching

DepositionDeposition

CMPCMP
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BondingBonding
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InspectionInspection

Wafer ProbeWafer Probe

w/ WOW
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g

GrindingGrinding

Next Manufacturing Scheme

>30000 Step*

*Assuming 10-stacked 1000-3D Memory  sets using 300-mm wafer

~500 Step*

COC 3D Stack
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Bumpless Interconnects for WOW/COW

Thinning-First and then Vertical Interconnection Processes 

COW Conventional WB COW off-chip Vias
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Bumpless Interconnects for WOW/COW

Multi-stack Wafers

Thinning-First and then Vertical Interconnection Processes 

WOW
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Bumpless Damascene TSV
Thinning-first, Via-last

AR<5
Low Aspect Ratio

Self-aligned Contact

Si 1

BEOL
FEOL

BEOL
FEOL

Si 2 (~10-m)

TSV

Re-distribution Layer (Damascene Cu)

A Comparison of TSV Interconnects
Conventional with Bump
Via-last/middle, Thinning-last

BEOL
FEOL

AR>10
Etching Time
Stepcoverage

Void-free Filling
Process Time

Failure Site

Si 2 (50~100m)

Si 1

BEOL
FEOL

TSV

Bump or
Cu Post

Comparison of conventional TSV using bump electrode (left) and bumpless TSV (right) for WOW and COW technologies. The 
aspect ratio decreases with thinning of wafer and becomes less than 5 at the total thickness and diameter of TSV of 25 mm and
5 mm, respectively.
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TSV/Via Density
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Via-Holes
BEOL

Bumpless
TSVs

-Bump
TSVs

100M

1M

1K

1

1mm 1mm

Our Target

Dummy -bump

Conventional Bump and TDSVs Bumpless TDSVs
~50m

~10m
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Bumpless and Ultra Thinning Enables Higher Throughput
Et
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Aspect Ratio (AR)

Depth (m)
Wf Thickness

Our Target

NO!

NO!

NO!

 
Etch

2
50um

32

RD
dAR  Time Process 

Assuming etching rate 10m/min at 50m diameter 
and etching rate followed by mass-transport limited



Takayuki Ohba, Ph.D.

Front-end Compatible Process

Dielectrics Deposition
Dual-Damascene Etching
Cu Plug and Metallization

Thinned Wafer Bonding
Dual-Damascene TSV Etching
Cu Plug and Metallization

Cu/Low-k Interconnects Cu/Si Interconnects
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Comparison of Leakage Current 

Bosch etching Direct etching
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CuSiONSi
Ti/TiN

Crack
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Thinning Module Cont’d

Cross-sectional TEM image of Si substrate after thinning from the backside using Back Grind (Post BG), BG + Ultra-
Poligrind (Post UPG), BG + Chemical Mechanical Polish (Post CMP), and BG + Dry Polish (Post DP), respectively.

Post BG 100-nm

~150-nm

100-nmPost UPG

~50-nm

100-nmPost DPPost CMP 100-nm

Cross-Sectional View of Si Substrate
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Trapping Sites
for Contamination

LargeSmall
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TSV Pitch (m)
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50
40

20

10

100 50 10

Conventional -bump and Cu post (Mechanical Connection)

AR (diameter: depth)  = 20:50, 10:50, 5:50, 3:50… Disconnection Failure

Low Throughput 
Underfill Issue
Stress Deformation
High Aspect Ratio30

8

5
4

2
3

WOW  Bumpless Self-align TSV Technology

AR = 20:10, 10:10, 5:10, 3:10…

AR = 5:5, 3:5, 1:5…

Ultra-thinning (10m)

Roadmap of Wafer Thickness

WOW has succeeded 
down to 7m.

Ultimate-thinning (5m)
Next Challenge 5m.

Device Region
Needs Further Evaluation

Dummy Bump
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Further Evaluation for the Ultra-Thinning

Transistors

Thinned Wafer Applications
•Chip Stacking/Cubic Devices
•Image Sensor
•LED
•Solar Tandem

Default = 10m
Target ~ 5m

Roughness Optimization, 
Uniformity, Contamination, 
Temperature, Stacking Faults, 
Defect Penetration

Trapping State (Vth shift), 
QBD (Gate Oxide), 
Retention Time…

Si Substrate
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Thinned down to 7-m using 45nm Node MPU

Kim et. al., IEDM 2009
Cross-sectional SEM image of 300 mm wafer containing 35 nm-gate-length SRAM logic devices, thinned to 7 m.
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2-inch

Gordon Earle Moore 
Robert Norton Noyce

Andrew Stephen Grove

William Bradford Shockley Jr.
John Bardeen
Walter Houser Brattain

History and Future in Semiconductor
WOW Stack
Bumpless TSV 3DI
Low Cost/High Density

18-inch

x100

x10

300mmx2~5

Concurrent
Manufacturing

g-line
436 nm

i-line
365 nm

KrF
248 nm

ArF
193 nm

EUV
13,5 nm

Hair-size Wire

Production Year
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1kW = 1.36ps = 860kcal/h
自動車・飛行機・電子機器の馬力・消費電力～重量

生物のエネルギー消費量～重量3/4

10-3 100 103 106 10910-6

x 10000

飛ぶ!
歩く! 逃げる!
血を吸う!

生物を技術は超えられない。
でも、もっともっと近づける

やはり生物に学ぼう

3D Scaling

Form Factor
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Conclusions

• Bridging tool and architectures
 2D to 3D
 Chip to Wafer
 PKG to Front-end processing

 3D will become main stream later than 2015.
 Japan has opportunities if we could change.
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