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Yesterday, Today... Market share in Semiconductor

VLSI Cooperative Labs (1976~1980)
SEMATECH (1987~1998), ISMT (1998~)

§
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IMEC (1984-~), Leti (1985~)
Selete (1996~2011), ASPLA (2002~2005)
ASET (1996~2012), MIIRAI (2001~2011)

Market Share

Korea + Talwan
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MELY Wid
Comparison on WW Ré&D Budget
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Source: after Nikkei April 23, 2012
Estimated by 2009-2010



Impact Factor of Semiconductor industries
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Needs True-Integration among National Projects

Almost same research budget being provided but...

Others
‘ Gov. Project

k_ [ - j Consortium

\ g d Country and country
‘- l l J’ Univ. and Industry

Needs Tangible Integration

v' Business oriented target

v' Leadership on strong steering

v Flexible planning and attractiveness for innovation
v' Global opportunities

v' Short and Long term Support



Room Temperature

Boiled Water

Big shock let them know how to survive!
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BRICs = Brazil, Russia, India, China
NEXT11 = Iran, Indonesia, Egypt, South Korea, Turkey, Nigeria, Pakistan, Bangladesh, Philippine, Vietnam, Mexico
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WW Semiconductor Market (Billion USB)

BS

Forecast

http://www.wsts.org/
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Needs more Memory/CPU/Interface Devices

IPad2 32GB Model (USD)
Total Cost 336.6USD

klanf. Cost,
10, 3%

Others, 5.8, 2%
Camera, 4.3, 1% Fower
Management, Inlerfa:u:.;. 11.8, Processor, 14, 4%
10.2, 3%
Base Band,
RF and Wireless 18.7. 6%

Devices 9 3%
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3DI Roadmap using WOW Technology

» Poedmap (Gb/cmi)
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DRAM Density (Gb/cm?)

.70%
45nm/4Gb _
s 2D Integration

70% Shrink
68nM/2Gb

1
2006 2008 2010 2012 2014 2016 2018 2020 2022 2024

Production Year
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Feature Size (um)
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3D Manufacturing Roadmap

A

§ohod 1
-----------

Cost Efficiency

1000K
1st Ggeratlon - B - & bl
ront-En rocess Compatible
COC P

Incoming Wafers (Wfs/v)

1 K Cost efficiency as a function of production sizein 3D device manufacturing. COC
obviously differs fromCOW and WOW in thatitis not wafer processingandis thus
incompatible with process facilities i n the front-end-of-line. COW and then WOW will
be used forvolume production inthe next generation of 3D manufacturing.

Small Medium ] Large Giga Fab
Production Size
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Scaling and Form Factor

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

Width 70%

e.g. 32nm > 22nm

50%

40mm?2 =2 70mm?

35%

70ul = 25ul

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



Trends of Mobiles
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Total Cost & Revenue (B$)

Total Cost & Revenue (BS)

YR g/i-Line (16K~16Mb/cm?)

w

N

e

0

0

127274

Profit Model in the Scaling

Revenue
Depending on
[. marketprice

Fab
Constructio

Fxed/Variable
Cost

Breakeven point (BEP)
R&D

42 0 +2 +4 +6
A

Production Start

>

EUV (4G~32Gb/cm?) v

Huge Investment

V3

s

>6 Years

4 -2 0 +2 +4 +6

Total Cost & Revenue (B$)

Total Cost & Revenue (B$)

0

0

KrF/ArF/i-ArF (64M~1Gb/cm?)

WOW/COW 3DI (16G~256Gb/cm?)

\ 4

3D Tool Sets v
Existing Litho

y

F >
-4 -2 0 +2 +4 +6



BL mk v

i L VR Ty O Tomwe
Takayuk Ohba, Ph D.

E 140 Sync
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o e Throughputfor Lithography
1000

Throughput
ArF 1ArF

100

10

Throughput (wfs/hr), Total System

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

365 248 193 193 13.6
Wavelength (nm)
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Single Mask

PR
Expo.

HM Etch

PR
Remove

Layer
Etch

HM
Remove

I I I ‘

D() — 002

Dual Mask

1t PR
Expo.

HM Etch

1st PR
Remove

2" PR
Expo.

HM Etch

2nd PR
Remove

Layer
Etch

HM
Remove

D, = 0.04~0.08

002 ggg oo

URT . 0.8 x
Random Defect (cm-2) o84
Systematic Yield
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Comparison of Yield for Large Integration

Scaling (Dual-Mask Patterning)

1

0.9

Sos
[}

> o7

0.6 0.99

0.5 0.9
0.4 0.E5

%02 004 gop . 0s Systematic
' 032 g
Random (cm-) Yield
at Critical Layers
Assumptions:
CD <22nm

Dualmask and dual exposure
Hard mask and single etching
Die size (A) = 1.0 cm?

Yield

3D Wafer Stack (4-stack)

Easier to.Reduce Defect

0.9
0.8
o.r
0.6
0.5

0.4

0.99 0.93

0.87 Bad

_ 0.81
Systematic Yield

>

Il Good

Assumptions:

CD =32~45nm

Four wafer stack using multibumpless TSV
No contact failure on TSVs

Random Defects (Dg) = 0.1 cm™2

Die size (A) = 1.148 cm?



Lithography Cost as a Function of Memory Density

Assuming outcoming wafers at 100K/M

Litho Availability 18hr/day, 20 days/month, 4-mask
every process

ELN costs -90 million USD and €6 USD/cm?

== —> F

WOW 3Dl used iArFand double-patterning
100% Yiew Specific cost (USD/cm?) of stacking at 2x, 4x, 8x,
and 16x are 5, 11, 21, and 42, respectively.

ShNnk Iy EUV \« aﬁ“ XN —> .aﬁﬁn

16-stack . >\
|
|
|

v

8X

N

4x Sy
2X

Lithography Cost (USD/GB)

8 16 32 64 128
Memory Density (Gbit/cm?)
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Technology Driver in Semiconductor

2D Wafer Integration Technology

m Science' Vol.322 (2008)

4 ~45nm by ArF ~22nm by Immersion R4

3D Wafer Integration Technology

Large integration w/o limitation
10pm Ultra-Thinning

. \ Various Applications 4G/2-stack
DRAM/DRAM
3DI WOW ' Fash/Aash
DRAM/MPU
Technology DRAMMPU
MEMS/MEMS

8G/4-stack
16G/8-stack

1T/256-stack
2T/1k-stack

&
300mm w/ Existing nodes Multi Wafer Stack
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& Twitting somebody on 450mm Eglargement Y
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450mm Wafer

Experience on Wafer enlargement
6inch - 8inch Two Year Delayed
8inch - 12inch Five Year Delayed
12inch - 450mm, more than 10 Years?
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There was enough economic
It was Win & Win relation ama

)

Whatist m pulling?
: Im
g?tﬁation has been chéﬁ"’éed.
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10pm Ultra-Thinning

3Dl WOW
Technology

200mm and 300mm

300mm
3D Wafer Integration Technology

~5% Growth Rate

450mm
Hopefully ~2020

Large Si Surface morethan that of 450mm

Various Applications ig:ggt
DRAM/DRAM

Hash/Hash 8-stack
DRAM/MPU
MPU/MEMS 256-stack
MEMS/MEMS 1k-stack

g
Multi Wafer Stack
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Wl

Advantages of 3D Integration

L2p

PCB

Large Foot-print

RDL
Cu/Low-k
Interconnect

=

/4 >

Die-scale

TSV
Interconnect

2D Chip Set

ower =N(f-C-V& + 1 Vo)

-.‘ a 3 : — -.! = & v — P
Interconnect ? i =
Wire Bonding T , = - PTr ~ 1nW / MHZ / Tr
BGA L L L\ ]
N - 4 Bandwidth ~ S / L
ko | S\ RC Delay ~ L’y S
T [ F o 1 iring Capacitance ~ LvH / d
4

Block-to-Block Length Imm~1cm - 10~100um @3DI

3D Chip Set

Power ~1/100 = L3p/Lyp
>100 GBps Bandwidth
(Flexible Vertical I/O)
Large Integration

Cost COC>> COW>WOW
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AMC2008

B Wafer level Ultrathin 7 stacked TSV's IEDM2009
W o degradation aof 45nm-node strained

B u m p I eSS Tr after thinmed down 1o T- |4:rn_ ¥
Interconnects .

e, A
nas S L.:' 4
T fm

1ITC2010

M High reliability multiple TSV .,..,._.,..'1-.
integration using by LT-PECVD process_,

2 e

TSV's process
ITC2009,MRS2009

M Design for lower thermal
stress

VLSI2010
B No degradation of FRAM aftor
Ihimed down o B pm

e | FIT r_'.;_h'lm. .-

=

3 stacked TSV structure 5 VLSI2011

- ._I - 'I =
B Micro channel closed = —
B miibamale
loop system _E'lum
Evaporation pari ;
Healer & Sensor ujl‘lmp

1
Eellyiiivn | 4

‘t}f.émdrm-l'llnn part
sor 3 il Iﬁ ,..].,Lu_".f.




w/ WOW

Conventional

i | s I Oxidation I
| Oxidation CMOS ¢ I , |
I p— 1 I Lithography I
I -lefuson : - : 6‘ Etching "
I a Lithography 1 -~ | i Deposition 1
I o o Etching I z 1 I
195 - L " CMP I
19 % H Deposition | " I
133 CMP : 1o Lithography I
Ix 8 I 13 o) Etching I
= = Lithography o W - |
12 a ] | I S m Deposition I
I C;U 8 8 Etching | 1 g el "
I S m Deposition 1 I 5 - I

! | (= Thinning
[ CMP g 9 I
| I= < :
1 Grinding | A — I
l—--------- [ | ; 8 thhography I
O o . |
Probe Test = ° TSV Etching 1
> I @ —L I
c Grinding | o eposition !
> Dicing - i SR 1 ™ Planarization
g Stacki ng - ¥ ' ST Wafer F

Bonding i NE—— - = . N

COC 3D StaCk Molding him— -
lnsp*ection Debisfimrig WOW 3D| _

] 1 1
. g Jeil feil oy il )
i ¥ I |I| |2

e ——— e -

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

Grinding
Dicing
Bonding
Molding

Packaging

Inspection
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Bumpless Interconnects for WOW/COW

: l.lll.r'a'l ~thinned Chips on a Wafer |

COW off-chip Vias

C OW | Conventional WB ‘

Re-distribution line

Off-Chip-Via =~
100 am

4 - ¥

S e A W

..:,r_rr" rar atyy’
ﬂ..':l!_'i' 1111_

Thinning-Firstand then Vertical Interconnection Processes
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Bumpless Interconnects for WOW/COW

Multi-stack Wafers

Thinning-Firstand then Vertical Interconnection Processes
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Conventional with Bump
Via-last/middle, Thinning-last

Bumpless Damascene TSV
Thinning-first, Via-last

Si 2 (50~100pm) Re-distribution Layer (Damascene Cu)

Failure Site—=>
ailure Site—22,

KHKKHKKKKKKKKKKHKKHKKKKKKKKKKHKKHKKKKKKKKKKHKKHKKKKKKKKKKHKKHKKHKKKH KHKKHKKHKKKKKKKHKKHKKHKKKKKKKKKKHKKHKKKKKKKKKKHKKHKKKKKKKKKKHKKHKKK
e H o e Bt B

Compagisonoiconventional ISV using bump eleciode dleft) and b umxpﬁemﬁ. Erm?éggw&sﬁ The
H

aspect E@I;ﬁg‘jc;geﬁ ¥e5 less than 5

H+4H HEHE R F3H
5 rKHKKH :ﬁ:xxx*yxxxxxx KKKKKKKHKKHKKHKKKH KKHKKHKKHK



TSV/Via Density

T::TEEIF ey 100M
<~ 100000000 | F it
c 10000000 1M
- 1000000
> 100000
Z\ 10000 _ - 1K
' 000 | <Ay N ol
GC) 100 Sémp. Bumpless  via-Holes
A 10 TSVs BEOL p L
. - 7 Pitch 1:1
i
* Pitch1:2

Pad Size (um) v

Conventional Bump and TDSVs Bumpless TDSVs
~50“'m

PR NEEE RS ~10pm j

Dummy p-bump “/
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Bumpless and Ultra Thinning Enables Higher Throughput

Etching Time (min)

30
20 Depth (um)
WTf Thickness
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Front-end Compatible Process

Cu/Low-k Interconnects Cu/Si Interconnects
v'Dielectrics Deposition v'Thinned Wafer Bonding
v'Dual-Damascene Etching v'Dual-Damascene TSV Etching

v'Cu Plug and Metallization v'Cu Plug and Metallization
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Comparison of Leakage Current

Bosch etching

Direct etching

—
00nm 100nm
|| ||
103 103
400degC
< <105
= =10 400degC
[
g g
5 = 107
(&) o .-—-'-:':—_—__'_—!.
(d] 1) -
= %10'9
E E
D A~ Q1A 200degC
— 10" w/o anneal 410+ J
w/o anneal
10-13 10-13
0 10 20 0 10 20
V (V) V (V)
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Thinning Module Cont'd

7 Cross-Sectional View of Si Substrate

CMP Load

6
DP
5 Samy

5 \ ( | Post UPG  100-nm

| =6
1 N
0

Fracture Strength (Gpa)

0 50 100 150 200
Non-crystalline Layer (nm)
Small «=—— Trapping Sites —> Llarge

for Contamination

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



Wafer Thickness (um)

P Vot
Roadmap of Wafer Thickness

A Conventional u-bump and Cu post (Mechanical Connection)

50 m Low Throughput
40 ] ] L ~_ Underfill Issue
-__ Stress Deformation
30 AR (diameter: depth) = 20:50, 10:50, 5:50, 3:50... Disconnection Failure High Aspect Ratio
20 ummy Bump
WOW has succeeded WOW Bumpless Self-align TSV Technology
down to 7um. Ultra-thinning (10pum)
10 lilalalalilsi 1 0 | 5 Akl 1T
E N
8 AR =20:10,10:10, 5:10, 3:10...
Ytttmate=thinnng(5pm)—————
5 Next Challenge Sum. PR | MEREEE AR R
De}nce Rleglon o e
3 /|/,
2 o, )

100 50 10
TSV Pitch (um)
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Further Evaluation for the Ultra-Thinning

Default = 10um
Target ~ Sum

Transistors Si Substrate

Trapping State (Vy, shift), Roughness Optimization,

Qsb (G_ate Qx|de), Uniformity, Contamination,

Retention Time... Temperature, Stacking Faults,
Defect Penetration
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Thinned down to 7-um using 45nm Node MPU

NMOS PMOS
1ES 1E5
< Bafewidessy P - Ty ——
1EE o o Almrikisssg
E Eil:—l' 'Eil:—]'
E ex E"il:—l
o b i
b 1= PMOS
s I 1T 1a B 1 = i s
Ion pmArp] Ion pmATpmy
m | 1| | |
£ Meioem —— el
9 E" A £ "= =
N E= N+P = = PuN
—I a a W
E = = -
= 2 =
E ﬂ 1 ﬂ | b
= g gl g
=2 Juncficn Lealcgs Curvs i) o Lsmieps CurrEnifE]

Cross-sectional SEMimage of 300 mm wafer containing 35 nm-gate-length SRAM logic devices, thinned to 7 gm.
Kim et. al., IEDM 2009
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100 1.E+07
WOW Stack
\/ 3DI
HiIgh Density
St
—~ 10 E?'} - 1.E+06
= =7 x 10
3_ -l
) 300mmx2~5
N el18-
n o1 1g/ £ 1.E+05
() F i .
S R%%redr(t)nNEggs Mc?;ég 1 035 ’
e Andrew Stephen Grove
s 20.18
il
'-é 0.1 0. 13 1.E+04
=
E
= -
S 0.0 : 1.E+03
William Bradford Shockley Jr. . g-line i-line KrF ArF = U)VA
\J,\(,’ZEEFargjf; Brattain 436 Nm 365 nm 248 nm 193 nm 13,5nm
0.001 | - 1.E+D2

1940 1950 1960 1970 1980 1990 2000 2010 2020 2030 2040
Production Year

Wafer Size and Area (cm?2)
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