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Why TSV Interconnection?

TSV (Through-Silicon-Via) electrodes can provide vertical connections
that are both the shortest and the most plentiful.

High Power consumption

Long Connection

Low Density

Poor Heat
Dissipation

RC Delays

High Impedance

Large Area
Challenging Interposers

I/O Pitch limitations

Low Power consumption

Short Connection
3rd Level | B T
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Substrate)

Good Heat
Dissipation
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(Thinned 4
Substrate)

HEFAE

Reduced RC Delays

Low Impedance

Substra’e

Smallest Area AP |, Peaks in Paclaging, 2003

Simple Interposers

Less I/O Pitch limitations

TSV interconnects provide solutions to many limitations
of current SiP and Chip Stacking methods.
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Comparison of SoC, SiP and 3D IC

Semiconductor 3-D Equipment and Materials Consortium




Announcement : Oct. 11 ™, 2006

EMC-3D consortium created for the development of co  st-effective 3D
Thru-Silicon-Via interconnect

Equipment providers, materials companies and resear chers join in an international
consortium to address complex integration of TSV 3D chip interconnect.

SALZBURG, Austria, October 11t 2006. EMC-3D is a new consortium created to address the
technical and cost issues of creating 3D interconnects using TSV technology for chip stacking and
MEMS/sensors packaging. Several major equipment manufactures have joined with material
companies to work with key research groups to address the issues of cost-effective manufacturing and
integration. Equipment companies initiating the consortium are Alcatel, EV Group, Semitool and XSiL.

Associate research members include Fraunhofer 1ZM, SAIT (Samsung Advanced Institute of
Technology), KAIST (Korea Advanced Institute of Science and Technology) and TAMU (Texas A&M
University). Material members include Rohm and Haas, Honeywell, Enthone, and AZ with wafer
service support from Isonics.

The consortium will develop processes for creating micro vias between 5 and 30um on thinned 50um
300mm wafers using both via-first and via-last techniques. Major processes being integrated into the
EMC-3D program are via etch and laser drill, insulator/barrier/seed deposition, micro via patterning with
RDL capabilities, high aspect ratio Cu plating, carrier bonding, sequential wafer thinning, backside
insulator/barrier/seed deposition, backside lithography, backside contact metal plating, chip-to-wafer
placement and attach, and dicing. In addition, wafer-to-wafer attach, dicing and de-bonding will also be
demonstrated. Cost of ownership goal for the integrated 3D process is $200usd per wafer.

3D
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International TSV Consortium

EMC3D (or EMC3P)

Semiconductor 3-D Equipment and Materials Consortium
Mission

Develop/demonstrate a cost-effective TSV interconnect technology
(unit processes + integration) and provide manufacturable
processes, equipment, and materials.
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Board Members’ Technologies

Alcatel XSIL
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Bottom Side Microscope

E Beam Spot Magn 2
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EMC-3D Process and Equipment Flow

front (device side)
Substrate o

I’} 'CMP (optional) Plating (Cu and Solder)/
_ : Fraunhlofer 1ZM Stripping/Etching : Semitool

Chip to Wafer Wafer to Wafer

Lithography : EVG
(not required for laser drill)

. |
Carrier Bonding : EVG
L oA

Dicing : XSiL, Alcatel - o S

Via Etch or Drill : Alcatel, XSiL

u
Stripping/Cleaning : Semitool Stacking : EVG, 1ZM, KAIST
i1 Sequential Thinning 1 |
m : Isonics, Semitool, Alcatel, XSiL

Insulator/Barrier/Seed Deposition . .
u ! post Pick and Place/Stacking

: Fraunhofer I1ZM 'EVG, IZM, KAIST
Insulator/Barrier/Seed Deposition u

: B

Lithography : EVG

Dicing : XSiL, Alcatel
:
. | =
; . Debonding : EVG
Lithography : EVG Dicing : XSiL, Alcatel J
X ¥
Plating/Stripping/Etching
: Semitool
1 —

Debonding : EVG

i-

We are considering both via-first and via-last approaches (start with via-first approach). This process flow
is not for licensing, but is an example of process and equipment flow for demonstrating chip integration
3D with consortium members’ technologies.
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EMCS3P Objective

First Year

Develop unit processes and demonstrate integration (or stackability) of
via-first TSV technology on 200mm watfers with CoO = 400-500usd per
wafer.

Second Year

Demonstrate integration and reliability of TSV technology
(via-first or via-last depending upon technology trends) on 200mm wafers
with CoO < 300usd per wafer.

Third Year

Demonstrate seamless integration and reliability of TSV technology
(via-first or via-last depending upon technology trends) on 300mm wafers
with CoO < 200usd per wafer.
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Global Activities in 3D Integration

Irvine Sensors ASET
IBM NEC
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Is TSV 3D-IC Manufacturable?

Samsung’'s WSP

- o ..

Source : Samsung Electronics

Announced on April 2006

WSP (wafer-level processed stack package) with TSV interconnects
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N Company roadmaps
Yovorsprvriersmet g through-holes on CIS mobile imagers

— Fujikura (development of through-holes for CCDs, 8" wafers) |

g SaNyo (throughihole in R&D)

STM (image sensor;s WLP planned for 2007):

A SChOtt (technology IP, fab sold in Singapore)

Xlntec (Wet etch to be forllowed by WLCSP with DRIE)

° MiCI’;’Oﬂ (useWLPforimagéers)

i 5 5 : ,;

TSMC (Shellcase license)

] 1 i | ] 4>
<2004 " 2005 2006 ' 2007 ' 2008 ' 2009 ' 2010

-> Matsushita, Sharp & Sony _have also been reported as having through-holes dev  elopments for

imagers.
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‘/'\ Roadmaps of some 3D-IC players

Semiconductors ! ] ; l !

Tezzaron
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IBM

Samsung
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Challenges of advanced interconnects

» Today, More than 50% of dynamic a: activity factor  v: supply voltage
power consumption is due to /
interconnects. This rate is projected Pyyn=0a C V21
to increase. / \
[Nir Magen et al, Proc. of the 2004 international workshop on ~ C: switching f clock
System level interconnect prediction, France, pp 7-13, 2004] capacitance (diffusion + frequency

gate + interconnects)

» Global Interconnect length  doesn’t scale with transistors and
local wires. Because of functionality increase, chi p Size remains
relatively constant.

[Havemann et al., IEEE, Vol. 89 (5), May 2001]
* RC delay is increasing exponentially . For 65nm node, RC delay

in Lmm global wire at minimum pitch is ~100 times h igher than
NMOSFET intrinsic delay [ITRSO07].

[ITRS 2007]

source:
3D Ecole Polytechnique Paris - 3D Technical l Et
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Log IC (Processor with cache memory)

» Processor with cache memory : Example of 16-Mbyte SRAM cache
design ( Rensselaer Polytechnic Institute )

Table 5. Performance comparison of 2D and 3D implementations for [30-nm, 16-Mbyte L2 cache (4= 0.1).

Characteristic 2Ddesign  Two-waferstack  Four-wafer stack " m | |
Access time (ns) @ '60 e e | e
Cycl tme () 127 068 05 ol |
Operating frequency (GHz) 0.79 1.47 20 a s v
Dynarmic energy (nJ) m @ '6 "' =
No. of repeaters on critical O channels 1,216 Uﬁa 224 .._ —]“A_q:j
No.of bl 1 o 18 e

g

A. Zeng, J. L0, K. Rose, and R. Gutmann (Rensselaer Polytechnic

Institute), IEEE Design & Test of Computers, 2005, pp. 548-555 (C floorplan of graphics rendering

processor with 256-Mbit eDRAM: 2D
(a) and 3D (b).

source: -
Ecole Polytechnique Paris - 3D Technical l et l
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Why 3-D?
“More than MOORE"

2D interconnect:
» Large form factor

« Long lines / shared bus 3.8mm X 2.9mm

SOC solution: _ 15% Size Reduction
* Reduced system size 30% Power/signal
* Increased performance Improvement

* Increased device cost 5% Cost Increase

3D stack: ] _

- Reduced system size 35%  Size Reduction

. Short int ¢ 40% Power/signal
ort interconnects Improvement

* Reduced packaging 45% Cost Reduction

cost

3D
;,m,,,m lmec imec 2007 i1e




Void -free Filling at Optimized Conditions

200

30um by 80um

150

_ 20um by 80um
Fast Fill, < 1 Hour

Via Depth ((pm)
o
o

60 80 100
Via Diameter ( um)
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“Fusion Era”

o “We are at the doorstep of the largest shift in
the semiconductor industry ever, one that will
dwarf the PC and even the consumer electronics
eras”

 “The core element needed to usher in the new
age will be a complex integration of different
types of devices such as memory, logic, sensor,
processor and software, together with new
materials, and advanced die stack technologies,
... all based on 3D silicon technology”

Dr. Chang-Gyu Hwang, president-CEO, Samsung Semicond  uctor,
IEDM conference, Dec. 2006

source: -
3D - | Lletl
Ecole Polytechnique Paris - 3D Technical @ —
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2 &0 . . : poesible
< o ilptpas ' » Small dimensions
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& 20 o : operation-umstabe—
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40 2 h e -
: Method of stacking - -rf"h“‘*:_:f-- -
g’ two memory cells L —~— 2Xnm
= *‘H,x . Orless
30 - = a0 stacking ™
§ Gell stacking Advaniages | =~ II':"'-!; — 9D SoBrGaEH
£ et t;:nnnu_:ngy without T \;W Lx“d“pt."g smalier
E Interlayer disleciric ﬂgwl Iy-dlergeﬂpad e HE:EE‘E]” rues
ﬁ 50 Monocrystalline Si matariale e,
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% Intertayer disloctric e . . iz v \\H
E Interlayer disloctric IEE““UEHJH and GU’I'E-II pace of GDS: T : k| H“-q..
Monocrystaline Si gain same effect as reduction {per-bit . g, ]
TR q_ln smaller dasign rula ?r?pgiggﬂn-?ﬂ?wﬁm " . 3D aﬂ'ﬁ.} Foac h
S wafer Caoll each capacity increase) .~
™ Moore rule
10 . =
185 32G i3 128G 960G continul I_V
NAND Flash memaory capacity (bit) "

Source: Mikkei Electronics Asia

At flash capacity >64 Gb, expect to see a big cost  differential between 2D and 3D
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Applications of 3D Si integration

2007 2009
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Memories (Flash and DRAM)

= Samsung ( NAND)

K. Lee (Samsung), Conference on 3D
Architectures for Semiconductor
Integration and Packaging, 31oct-2nov
2006, SF, CA

Photo : Samsung
» Through Silicon Via Formation (~ 30um diameter) : Las  er Drill, Electroplating Via Filling
* Die-to-die bonding : micro-bump bonding
» Wafer Thinning : ~ 50pum

= Elpida Memory ( DRAM)

R B W R NN

i ol el R A G B e .

Photo: Elpida memory
H. Ikeda (Elpida Memory, Inc.); Conference on 3D Architectures for Semiconductor Integration and

Packaging, 31oct-2nov 2006, SF, CA
source. l eti
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Via first & CuxSn bonding (w/ or w/o glue)

Via first & Cu ,Sn
alloy bonding

.

TR T TR
- =
e
silc1 RTI, Pitch ~20um, die-to-

wafer, glue layer for fine
K. Williams et al., 3D Architectures for pitch
Semiconductor Integration and Packaging
Conf., 31oct-2nov 2006, SF, CA

il Level 3 chip iy

10um

Silicon
10 pm

cum=—»

Level 2 chip,
Si 10-50 pm

1

A
S

125um
150um

+*

Fraunhoffer IZM

Cubic Wafer , die-to-wafer, 25um me— :
Bk By Wl Pitch <15um

25Um  pitch, 10y via diameter, no glue
J. Trezza et al., 3D Architectures for Semiconductor B. Wunderle et al, MRS fall 2006
Integration and Packaging Conf., 31oct-2nov 2006, SF, CA
3D 50““39 Lletik
Ecole Polytechnique Paris - 3D Technical
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Via first & Cu thermo-com

Via first & Cu
thermo-compression

H |
IMEC, Pitch ~10um, with glue
P. De Moor et al.,, MRS fall 2006

3D

pression (w/ or w/o glue)

J. Lu et al.,, MRS

RPI, with glue Spring 2005

- =

Bonding
layer

Interconnect - ~-j~ v tarcon
layers (top waler) "“Eyem e
—_— - (bottar wialer)

Device Layer —

=
S —

Intel, Pitch <10pm

P. Morrow et al., AMC 2004

Tezzaron, Pitch ~10pum

R. Patti et al., RTI Conf., 2006,
letik

source.
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Si102 bonding & via last

Via last & SiO2
bonding

top IC

. Top metal 3D via
wire

SuperVia

8
z
[}
o
>
2]

V%

Yk

e ' CEA Léti - MINATEC /
R. Chatterjee et al., IITC 2007 (To : . .
be published) Alllance, SiO, bonding,
P. Leduc et al. ITC 2007 (To be pitch ~5pm (SOI)
published)

— plugs

Wiring Top
c

J. Burns et al., IEEE
Transactions on
Electron Devices, Vol.
53 (10) OCt. 2006

IBM, SiO, bonding, Bond line
pitch <1um (SOIl)

AW. Topol et al., IEDM 2006 MIT Lincoln (SOl), 8um pitch

- Leti
3D Ecole Polytechnique Paris - 3D Technical SO&J e I

Symposium; November 2007 |
da MINATEC®
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CoO by SEMATECH’s Model
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2007 CoO Expectation

front (device side)
Substrate

CMP (optional)
: Fraunhofer 1ZM

I-I

Lithography : EVG
(not required for laser drill)

.
Carrier Bonding : EVG
. i

Stacking : EVG, 1ZM, KAIST

.
v
Pick and Place/Stacki
TEVGEIZM,

Dicing : XSIiL, Alcatel
:

Debonding : EVG

Via Etch or Drill : Alcatel, XSil. —
Stripping/Cleaning : Semitool

i ! Sequential Thinning
: Isonics, Semitool, Alcate

Insulator/Barrier/Seed Deposition
: Fraunhofer IZM

Dicing : XSiL, Alcatel
. !

Plating/Stripping/Etchin
: Semi

Debonding : EVG

3,500 wafers/month — 200mm

Ecole Polytechnique Paris - 3D Technical
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2008 CoO Expectation

Substrate

CMP (optional)
: Fraunhofer 1ZM

.
Lithography : EVG
(not required for laser drill)
. ]

Carrier Bonding : EVG
: |

Via Etch or Drill : Alcatel, XSiL -
Stripping/Cleaning : Semitool
1 B

Sequential Thinning
- Isonics, Semitool, Alcatel,

Insulator/Barrier/Seed Deposition

- Fraunhofer 1ZM Pick and Place/Stacki

EVGIZM,

!

Dicing : XSIiL, Alcatel
.

Debonding : EVG

Dicing : XSiL, Alcatel
:

Debonding : EVG

o |
ography \
? '&:
: _— : )
Plating/Stripping/Eic
: Semit

3,500 wafers/month — 200mm

c3D Ecole Polytechnique Paris - 3D Technical

Symposium; November 2007 — - MER=]-
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2009 CoO Expectation

Substrate

CMP (optional)
: Fraunhofer 1ZM

.
Lithography : EVG
(not required for laser drill)
. ]

Carrier Bonding : EVG
! |

Via Etch or Drill : Alcatel, XSiL. —
Stripping/Cleaning : Semitool
1

Sequential Thinning
: Isonics, Semitool, Alcatel

Insulator/Barrier/Seed Deposition

* Fraunhofer 1IZM Pick and Place/Stacki

EVGIZM,

. |

Dicing : XSIiL, Alcatel
.

Debonding : EVG

. 1

L i
aphy
%
: - : )
Plating/Stripping/Etchi
: Semit X

Dicing : XSiL, Alcatel
:

Debonding : EVG

3,500 wafers/month — 300mm

c3D Ecole Polytechnique Paris - 3D Technical

Symposium; November 2007 — - MER=]-
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Summary

CLEAR Obijective :

Integrated and Cost-Effective Cu TSV
for < $200/wafer by Year 2009

www.emc3d.org
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Semiconductor 3-D Equipment and Materials Consortium

Working together to enable low cost
thru-silicon-via interconnection.
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