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R&D spending: a gathering storm
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The January 2007 PR ‘tsunamr’
D &

EETIMES

NXP to exit Crolles2 Alliance
(01/16/2007 2:55 AM EST)
SAN JOSE, Calif. — NXP Semiconductors on Tuesday (Jan. 16) said that it shall not extend
its current cooperation in the Crolles2 Alliance beyond the initial term expiring at the end of 2007.
NXP (Eindhoven, the Netherlands), formerly Philips Semiconductors, has decided to pursue
a different path for its future development of process technology. It will work with long-time
foundry partner Taiwan Semiconductor Manufacturing Co. Ltd. (TSMC). [...]
"We've chosen to strengthen our cooperation with TSMC, in the area of advanced CMOS development,'
stated Frans van Houten, NXP president and CEO, in a statement. "This move will enable NXP to
concentrate more on creating innovative, differentiating process options,
such as embedded non-volatile technology in 45nm for our state of the art system-on-chip products,
while building on the process platform from TSMC."
The strengthened global R&D cooperation will be built upon the existing NXP Research organization
at the IMEC facilities in Leuven, Belgium,
and TSMC corporate R&D in Hsinchu, Taiwan. TSMC (Hsinchu) is also a core member of IMEC.
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The January 2007 PR ‘tsunamr’
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EETIMES

Freescale joins IBM's 'fab club®
(01/23/2007 12:01 AM EST)

SAN JOSE, Calif. — In a major change of direction, Freescale Semiconductor Inc. on Tuesday (Jan. 23)
announced plans that it will join IBM Corp.'s "fab club" for joint semiconductor research and development.

The move appears to be perhaps another nail in the coffin for the troubled Crolles2 Alliance, which is

on shaky ground right now. It also raises questions about Freescale's deals with its current silicon foundry partners,

such as Taiwan Semiconductor Manufacturing Co. Ltd. (TSMC) and United Microelectronics Corp. (UMC).

Under its new R&D strategy, Freescale (Austin, Texas) will become a partner in IBM's technology alliance

starting at the 45-nm node. Freescale will also participate in the R&D alliance at the 32- and 22-nm nodes and beyond.

The agreement includes the development of CMOS and silicon-on-insulator (SOI) technologies. |...]

The IBM alliance provides "levels of investment significantly higher than what we could have accomplished at Crolles2." [...]
Sadana did not elaborate on Freescale's manufacturing strategy, which is characterized as a so-called "fab-lite" model.

He insisted that Freescale will continue to work with TSMC and UMC despite joining the IBM "fab club."

At present, Freescale outsources about 20-to-25 percent of its chip production to the foundries, namely TSMC and UMC.

The rest is produced in-house within its various fabs.

But at the 45-nm node and beyond, however, it is widely believed that Freescale will have most of its chips made

at the foundries within the IBM "fab club."

A
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Texas Instruments exits process development race
(01/24/2007 5:27 AM EST)

LONDON — Texas Instruments Inc., one of the largest and most successful integrated device manufacturers,
has decided to drop the costly business of digital logic process development and

rely on foundry partners for its processes.

According to reports TI (Dallas, Texas) development has decided to stop internal development at the 45-nanometer node
and use foundry supplied processes at 32-nm, 22-nm and thereafter.[...]

TI (Dallas, Texas) made the announcement that it would exit digital CMOS process development [...and]

the company would close its Kilby wafer fab in Dallas. [...]

"One way we'll do this is by changing the way we develop advanced digital process technology.

Instead of separately creating our own core technology, we will work collaboratively with our foundry partners

to specify and drive the next generations of digital process technology|...]" said Rich Templeton [...].

TI has long used foundries, such as Taiwan Semiconductor Manufacturing Co. Ltd., United Microelectronics Corp.
and Semiconductor Manufacturing International Corp.[...].

It seems unlikely that TI would ever construct a leading-edge wafer fab again and is set to let its own manufacturing
of advanced digital CMOS wither on the vine.

(( MinaTEC
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ST decides to import CMOS, change Crolles function
(01/25/2007 9:15 AM EST)

LONDON — Carlo Bozotti, chief executive officer of STMicroelectronics NV, told analysts Wednesday (Jan. 24) that
ST would align with "industry leaders" to obtain a 32-nm CMOS process for use in its wafer fabs and as a platform for
specialized extensions.

Bozotti did not say who would provide ST with its 32-nm CMOS platform but said: "It is obvious we have alternatives."
[...]

Speaking during a conference call for analysts Bozotti said that the Crolles2 Alliance would complete the development
of 45-nm CMOS process technology during 2007 but there would then be a "discontinuation" in the role of the Crolles
development center and pilot fab.

Bozotti said that because of the increased cost of developing 32-nm CMOS manufacturing process technology it had
been decided to import advanced CMOS and that ST would then use the Crolles research facility to develop derivative
proprietary technologies that would be important to its wireless business unit. Bozotti listed image sensor, radio
frequency and analog extensions to basic CMOS as the technologies that would be developed at Crolles. [...]

"It is a clear change in strategy...but Crolles will remain the key center for advance technology development while on the
CMOS bulk we will align with industry leaders and make sure this technology is available in our facilities," Bozotti said.
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...through differentiating technologies...
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Driver =
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function

» differentiation
- * New business models
e Interdisciplinarity
scaling

“the emergence of many new ideas and technologies, several of which are suitable for only certain function(s)
and do not have broad application, may be signaling a coming dispersion of microelectronics technologies
Ce:] to address an increasingly diverse set of market-driven applications” [ITRS03, ERD]
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Where are the European companies?
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A complete set of research platforms
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A close collaboration with industry
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Trends in nanocharacterization
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3D dopant fluctuation: a major problem
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3D dopant profile: how to measure it?

TEM + EDX

< 1nm
> 10" cm3

holographic TEM

<1nm
101 — 1020 cm3

Courtesy: D. Cooper — CEA/LETI

Ry 1
©CEA 2007. To sd roits réservés.
@ Toute reproducto otale ou \I r quel Iq pp q soit ou uti\isat n du c d d ument e erdite s I'autorisation e preé: \bl d CEA
All rights ved. Any repro d nmwh\ rin par ymdm or use of the frmt dh s prohibit deh ut the priol rwrmenco of CEA

LB L LN A A '

FCMN 2007 - LETI European model cooperation - M Brillouét | 31



3D dopant profile: how to measure it?

fs laser assisted tomographic atom probe

Measured concentration
184 ppm without background substraction
~110 ppm with background substraction

( MINATEC

CENTRE NATIONAL
DE LA RECHERCHE
SCIENTIFIQUE

10 Matoms Si, 1000 atoms B

UNIVERSITE DE ROUEN Courtesy: B. Deconihout et al. — Rouen Univ. & CNRS ) = : by i : P X
min
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Salicide: stress-assisted diffusion

Ni moves into the silicon; affected by strain

Technology for Innovators Q} TEXAS INSTRUMENTS

_— Jrom H. Stork, - 2005 Int.Conf. on Charact. and Metrology for ULSI Technol.
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NiPtSi 3D characterization

as deposited after 290°C 1h

analysis direction

Pt segregates at the Ni,Si/NiSi interface

L2MP

CENTRE NATIONAL
DE LA RECHERCHE
SCIENTIFIQUE

¢ Pt
¢ Ni

W, Volume : 18 x 18 x 39 nm o §j
UNIVERSITE DE ROUEN

from K.Hoummada et al., APL 89 181905 (2006) after O. Cojoccaru, E. Cadel
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S e R R

Interconnection challenges

capping
barrier seed
layer

via

fill

ULK,

porous
dielectrics
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3D AFM via characterization

100

MAREINENN| iy Wafer mapping
ZTIZINT| X3L-Tip Shape Statistical data

Reconstruction
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Via barrier + seed TEM tomography

il

i i

from H.Stegmann et al. ME 65 171 — 183 (2003)

& Science, Technology and Education of Microscopy: an Overview p.187 © CEA 2007, Tous droits réservés
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CoWP

Rms =1.30 nm

Rms =1.45 nm

100nm

@

— <lll=
—_— 100>
—_ 110>

KFM
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Which kind of ULK porosity?

periodic self-organized pores

from Z.Zhang et al. Microporous & Mesoprous Materials 90 23-31 (2006)

random optimum closed pore system

70% porosity
f(R) « (R/Rg)-

physice 20 c2adpile

from H. Hermann (2004)

What is optimum wrt. k value, process & mechanical properties?
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g the porous structure

S _—

* Diffusion bump
= pore shape
= pore size

1200
1000

800

6

=]
=]

GISAXS

400

200

600
Columns

* Correlation peak
= distance between pores
e = pore organization
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L

ULK: understanding the porous structure
()

axcelis g
imec N
oiIIZ
CVvD 3MS+02 CH3_?i_O1,2
0112

Si—O-Si
small angle

0|1/2
01/2_‘?[i_ Oy Si—-0-Si \

Oy large angle

N

after UV treatment

Si-CH,
bending

CH,

B I B N U I O U U G N O O O N
30 10 10 -30 -50 -70 -90 -110 -130
Chemical shift (ppm; NMR)

uv B’

UV A
pristine

Absorbance

after F. lacopi et al., J. Appl. Phys. 99 053511 (2006) O N L I B

‘shorters. 1600 1100 600
Wavenumber (cm-1)
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from T.Baron Appl. Surf. Sci. 164 29-34 (2000)

... & applied on complex 3D structures
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nc-NVM simulation & characterization

Si nanocrystals
tunable dielectrics

3x6um’ t=3 min

t=27min

charge spreading by EFM

from R.Dianoux et al. Phys.Rev. B71 125303 (2005)

—_— atomistic simulation
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MIM capacitor: effect of the electrode
material

TiN (as-dep)

TiN (as-dep)

®,_ =5.01 eV (KFM) «— ®_=5.27 eV (KFM)
TN (es-dep) R N1, CJ

|

Ty s | ° @ o Asdeposited S

% ol R T A®, = 0.26 eV (KFM)

2 consistent with

i the electrical measurements
@ 1t | ~

g v [AD_=0.3 V]

- - i

E 1108 | o

108 6 420 2 468 10
Electric Field (MV/cm)
Courtesy of Aurélie Bajolet (STM)
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IP-10G
B F ‘Beam width 50 nm - s e
NEMS =~ hat  hed RS o) = ._ Az=+0 nm
accelerometefs : ' L.= 125nm Q - * | _L.=125nm
|
Fl [ &} M~ TR h h
Az=+3 nm Az= -2 nm
L,=125nm L

AFM characterization of NEMS

long beam (6um)

L | .
L/ [

I I \

small gap (100nm) stress? beam bending? gap profile?
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NEUTRONS
FOR SCIENCE

” MINATEC

POLE D'INNOVATION

Imaginer le futur.
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Need of pooling resources together

In line FIB-TEM

VPD-TXRF [y

r In line r
Trace Me1'r'ology Sample
METIS b Analysis Preparatio

-S Holography
TS HR-STEMl

[on beam -Nanocar'acfer'isaﬁon Electron

Analysis About 50 tools Microscopy,

ssrRM.scm B

NanoESCA X Ray KFM
X-PEEM Analysis OP"'iCGI 4 pr'obes
H-XRD Analysis :

X e
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Outline

A changing R&D landscape
In nanoelectronics

The European models, incl. CEA-LET]

Trends In characterization

=» Conclusion

© CEA 2007. T d I rves.
@ Toute reproduc on tot u partiel q q suppol rtq soit ou uti n du conten d d t interdite "autorisati ion e pré b d CEA
All rights reserved. Al y p odu t n part o ymd um or u: ft f matio nedh S pro btd t ut the prio tenc of CEA

FCMN 2007 - LETI European model cooperation - M Brillouét | 49



Conclusion

The microelectronic industry is on the verge
of a major qualitative change

More specialization and consolidation will
happen in the next future

New ways of R&D appear in a “coopetitive”
environment

Nanocharacterization for microelectronics
will need to pool more resources in close
proximity

CEA-LETI developed a cooperation model
robust to the present evolution
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Thank you for your attention
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