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‘@ OUTLINE

= Introduction

= Grenoble eco- system and Large -scale facilities
" Highlights of mdustrlal R&D technologlcal cases
- Techmcal Ilmltatlons & mltlgatlons

- Operatlonal Ilmltatlons & related initiatives

Amal Chabli

How to leverage for industry
- the outcomes of basic research
performed in Rls’? |
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G0 From usages to micro- and nano-technologies

Integrated devices

Nanomaterials

Health
Energy
- Communication

Amal Chabli . © '~ ERF Workshop, Hamburg, May 31 — June 1, 2012, . : | 3
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http://www.giant-grenoble.org/en/about-giant/37-about-giant/84-centers-of-excellence
http://www.giant-grenoble.org/en/about-giant/37-about-giant/84-centers-of-excellence
http://www.giant-grenoble.org/en/about-giant/37-about-giant/84-centers-of-excellence

@ | MINATEC innovation_,_ campus - Education

"Research

Transfer of MNT ~ Industry
from research ' '

G [EslE  toindustry

Nanocharacterisation

FOR SCIENCE P

MINATEC
POLE D'INNOVATION
Imaginer le futur.

www.minatec.com

-

4006 éctors
=4 300 patents |
1200 publications

10 000 m?
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2 Focus on characterization

= Comprehensive expertise = Serving
- Electron Microscopy - Choice and improvement of materials
lon Beam Analysi . . .
on Beam AnAsIs - Analysis of scaling effects and correction or use
Nuclear Magnetic Resonance . ' ' ' .
Mechanical Tests - Design of integration processes and validation

Optical Techniques
Sample Preparation.
Scanning Probe Mlcroscopy - B g R =
Surface Analysis R - 807 Y
Trace & Contamrnatlon AnaIyS|s
X ray Analysis :

Clea_n Room Metrology

I = Material science
. Technologlcal re

o Multldlsmpllnary skills ~
Biotechnology S
Material Science
Micro & Nano syétems
Nanoelectronics

- Nanotoxicology . o R
- Photovoltaic ~ Complementarily to the large-scale facilities

Optoelectronics - like ESRF & |LL" :



e Large-scale facilities used for MNT

Micro- & nano-technologies
Key access figures
2006-2011

" Annual proposal number 15-20
" Allocated shifts per year ~100
" Accepted proposals 30%
" Beam time purchase (occasional)

f"\ = = Brilliance
" High fl
g NSLS| o sto

ATSY N ! ;‘"\ /\ of SPr'ins-:s = High stability

: = Spectroscopy
N . " Multimode analysis

: _—— ‘
9 ﬁ b " Tunable excitation
’\J " Pulsed excitation
~ ® |n depth analysis

Amal Chabli . © '~ ERF Workshop, Hamburg, May 31 — June 1, 2012, |7




e Micro- & Nano-technologies covered areas
e — _ Rexci2L8 neutrons

= Energy storage
= Photovoltaics

= Diffraction

_ = Spectroscopy
* MEMS-NEMS on Si - Fluorescence

= Biotechnologies on Si _ - Absorption
= Photonics on Si Py - Diffusion
: - | - Photoelect
= Non Volatile Memories otoelectron

| — * Imaging

= Tomography

= L ocal chemical composition
= Local chemical bonding

= Local crystalline structure

= Nanoscale morphology

= Interface properties

Amal Chabli . © '~ ERF Workshop, Hamburg, May 31 — June 1, 2012, E




CeiJ | CMOS integration technology  Issues addressed

with large-scale
Cu mterconnectlons . facilities

= Cu polycrystalline
properties

= Cu strain & stress

= Lwk material porosity

= Inter-diffusion

= Stability

Transmission Electron
Microscopy

= Crystallography
= Composition
= Chemical bonds

= Dopant site &
coordination

= |nter-diffusion
= |nterface properties
= Stability

i y | . | K. Kuhn (Intel), S50M, Japan, 2009 , o
AmalChabli ..~ - ERF Workshop, Hamburg, May 31 - June 1,2012. . | 9




Ce:j HAXPS for CMOS gate stacks mtegratlon control KYI

Inter-diffusion control

Metal Gate and High k dielectric for electrical characteristics monitoring
for power consumption reduction e : !
@ Si1s ESRF
n o hv = 3.81 keV
i & ~ ID32
: .' = Si*, Hf-O-Si
Without ~ #| ="
annealing ¢
o e, ol ol 1846 1844 1842 1840 1838 1836
Diffusion of La Binding Energy (¢V)

Si1s
ho = 3.81 keV

XPS Intensity (a.u)

After annealing

1844 1842 1840

» Hard x-ray: analysis of full stack | T
» Sils: not Observab|e with lab source - R. Bou;amaa etal. JAP 111, 054110 (2012)

Amal Chabll _ | i gl - i ERF Workshop, Hamburg, May 31 — June 1, 2012 | 10




€S9

G. Servanton. PhD research, Grenoble (2010)

- Trends towards high level doping of the transistor channel

EXAFS for dopants activat’i'o"h and coordination

2

® As:Si Epitaxial Layers

ESRF
ID32

o
(@]
L0
— S
As:Si . ‘© ® Ge:Si Epitaxial Layer
1.6.1020 cm-3 — 1e0tem Z 5/
| '.’/\-:'.: — 9 (qD)
| —— Experimental i = —
R Fit / % <, /WWW o
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f \f f'_,..“ \/ \\J / '\\ / “-\ ~ / g L
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- '
As
W
® Si
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Ge
) 4
» Opp03|te results to the objectlves
Amal Chabli _ ' WRERE Workshop Hamburg May 31 — June 1, 2012 11




e GISAXS for integration of-CL'i' ihterconnéctions

Porous materials for dielectric isolation of Cu interconnections @

Pores B

* Size &shape )
= Density . | -E
‘= Stability during process.. ;

Line 2 ULK" |

Via 1 ULk

Line 1ULK. |

Log [Intensity (arb. units)]
w
s

Selection of the ULK material and

integration process optimization 7 0ol
" for production . '.
of the 65-nm node and below £ 49
é 3.6-
5 aef
|
B 4.2
T ESRF
o]
g 368
= 34 V. Jousseaume el al.,
2 Appl. Surf. Science,

2

3

0 y 254 (2007) 473 -
- " N qy (nm41) s ! . i
Amal Chabli e il : - ERF Workshop, Hamburg, May 31 — June 1, 2012. . ; | 12




= TSV for 3D integration of IC’s

» Non destructlve detection of voids

Cu TSV \ BTSV~3um —b» Thin Si~15um I
Direct > o ——
Bonding e
GTSV~3um —— Thin Si~15um
Rebuilt die- —T" Metalt '
on-wafer — —_—
X-ray tomography
ESRF
ID22 Rota_ltion
AX|s (0]
c_o

Diverging P. Bleuet el al

X-ray “lens” \' §
Sample synchrotron beam 2.5 it
I X-ray detector ] - Rev._Sci. Inst.,
80, 056101-3 (2009)

Up-grade of beam Ilnes towards 10-nm spatlal resolutlon

Amal Chabll _ - e il : i ERF Workshop Hamburg May 31 — June 1, 2012



Cu Via.avi

' &0 A number of other MNT experiments

White beam pDiff: Cu interconnect lines
P. Gergaud et al., AIP Conf. Proc. 817, p. 205 (2006)

HAXPES: CMOS gate stacks |

E. Martinez et al., J. of Vac. Sci. & Technol. B 25, 86 (2007)
J. Rubio-Zuazo et al., AIP Conf. Proc. 931, p. 329 (2007)
C. Gaumer et al., AIP-Conf_.‘.Proc. 1173, p. 40 (2009)

Neutron reflectometry Low k dlelectrlc for Cu mterconnects

D. Reblscoul et al. Mlcroelectron/c Eng., 85, p. 2089 (2008) o Pg&’gg&'\éﬁ
Soft x-ray XPS: CMOS Gate di_electric SOLEIL TEMPO

L. Q. Zhuet al., J. of Appl. Phys. 105, 024102 (2009)

X-ray total scétterihg: Doping of GeTe for PC-RAM S ULEIL crysTAL
G.E. Ghezzi et al., Appl. Phys. Lett., 99 151906 (2011)

Large-scale Rls are
key component
in the innovation cycle

EXAFS: GeSbTe for PC-RAM . ~ and industrial R&D

X. Biquard et al., Appl. Phys. Lett. 98, 231907 (2011). = 028~
| . BLO1B1

EXAFS: HgCdTe for IR detectors
P. Ballet et al., J. Electron. Mater. 38, p. 1726 (2009)

Amal Chabli . © '~ ERF Workshop, Hamburg, May 31 — June 1, 2012 . . " 14




Ce:J Where are the I|m|tat|ons P2

At the technical level

= Shutdown of regularly used beam lines
- case of ESRF-ID32 ?

= Need for improved spatial reeeIUtion
= Need. for time resolved experiments

At the operational level -
= Special requ"i.rements of industrial development cycle
- Speed and frequency of access

= Specific constraints of industrial competitiveness
IP management and Confidentiality

r Cost of beam time

‘ Several |n|t|at|ves

AmalChabi .~ - ERF Workshop, Hamburg, May 31— June 1,2012. .




CeIJ Contrlbutlon to the beam-line upgrade

. Focused bilateral agreements with LSFs

- Demonstration of yTomography capabilities for MNT
+ Dedicated postdoctorél position (ANR MiDiFaBI, 2006)

- Nano-pencil beam diffraction instrumentation developments
. Dedicated postdoc_toral position (ANR RTB programme, 2010)

- Contrlbutlon to French CRG Imes up-grade

leffractlon mstrumentatlon developments (CRG-BM32)
¢ Dedlcated.natlonal project (ANR MiDiFaBI, 2006)

- Energy fange extension of beam line (CRG-BM1)

+ Dedicated investment and postdoctoral position (ANR RTB pregram'me,
2011)

Amal Chabli . © '~ ERF Workshop, Hamburg, May 31 — June 1, 2012, . : | 16

R&D requirements of MNT
taken into account in the
upgrade of the LSFs




cea Connectlon of advanced tools to beam lines

- Development of XPS mlcroscopy (XPEEM)

- High photon flux on sample to Improves lateral resolution(x5) in
core-level imaging

- NanoESCA XPEEM acceptance tests
+ Dedicated national project (ANR XPEEM, 2005)

NANO

Direct Quantification of Gold along a [EFIEVIE

Single Si Nanowire 2008
Vol. 8, No. 11

A. Bailly,! O. Renault,"t N. Barrett,} L. F. Zagonel* P. Gentile,® N. Pauc,$ 3709-3714

F. Dhalluin," T. Baron,' A. Chabli,! J. C. Cezar,! and N. B. Brookesi

- Appllcatlon of XPEEM to scientific cases

- Specific proposals submission SULEIL TemPo
- BESSYII, ELETTRA (2008, 6 weeks)
- SOLEIL (2009, 3 weeks) eletirs
CIPO

| K. Huang et aI.,'J. Phys. Chem., 113, p. 21389 (2009)
K. Huang et al.,ACS Nano, 4, p.4799 (2010) :
C. Mathieu et al., Phys Rev. B 83, 235436 (2011)

UE52-PGM1

e Impact on mdustrlal R&D @ long term

Amal Chabli . © '~ ERF Workshop, Hamburg, May 31 —June 1,2012. . | 17




cea Test of specific Long Term Proposals

: LTP for Innovation (LTPI)

- To address a specific challenge of the‘industrial R&D

+ Example : In-operando Characterlsatlon for MNT (CMOS MNV, NEMS)

— Time and spatial resolution
— Device non- -destructive
— DeS|gn of specific deV|ces

: To mduce breakthrough In LSFs mstrumental developments

HAXPS @ SPRING8 NIMS beam-line MXRD @ ESRF-ID01
. e
hv(~6'keV)' X
Pt(10nm) [N ? =
nm _

HfO2(2.3nm) 77{
SiO2(1.6nm)

- Si(100)

- Y. Yamashita et al., ECS Trans.,_l4_1,b.3"3'1 (2011) ey - Hrauda et al., Nano Letters11 2875 (2011)

» Technical challenges  » Funding issues

Amal Chabli . ol TN R VVO'rkshop, Hamburg, May 31 — June 1, 2012, . '




0 Facilitation of access for industrials

EUROPEAN SYNCHROTRON RADIATION FACILITY

Ref' No 29587 INSTALLATION EUROPEENNE DE RAYONNEMENT SYNCHROTRON

ESRF

- -

GW Standard Application for Beam Time at the ESRF

Proposal Title ( 175 chars maximum.)
Study of the local environment of Ag+ ions in Ag-Ge-

S glasses thin films for Conductive Bridging RAM devices

Keywords

#1- [ CERAM #2: X-ray Absorption #3- AgGeS #4: ]

Spectroscopy

* This proposal is:
A new proposal
Aresubmission of ... [] A continuation of 1 ... []

* This proposal is: Fundamental Science 4 % Applied Science [ % Inxustrial Science [ %

|

Research Area of the proposal

€23 CH- Chemistry
':::' HE - Hard Condensed Matter - Electronic and Magnetic

€2} MD - Medicine
0 MI - Methods and Instrumentation

W]

Compatibility of © pppliedScience M %733 | industrial Science [ %[ 33
Scientific excellence with

Technological excellence . b
| - ‘mmm) What success rate ?

ERF VVOrkshop, HambUrg, May 31 —June 1, 2012 . . . ;

Amal Chabli




\/\/\/\
‘ - | @ ‘ EE’;F %%“J&?ﬁé%
/\/\/\/\
Beam line Scientists Technology experts

Characterisation experts . - * Material experts

Large scale Technological Technical centres

Industrial groups

facilities interface
: SMEs

= Experiment feasibility & commissioning

= Sample preparation » Investment in specific tools
= Complementary characterization » Funding projects for initiation

. = Data interpretation expertise and optimization though R&D
. Training & valorization programs (ANR IRT Na"QEI_eC) |

Amal Chabli L ol TN R Wb'rkshop, Hamburg, May 31 — June 1, 2012, . 1 |'éb



= Conclusion

o "'Large scale Rls are key Component In the |nnovat|on cycle
and industrial R&D -

= Matching to industrial R&D reqwrements

- Teohnloal I|m|tat|ons & mltlgatlons

Speolflo oooperatlon agreements. supported by dedicated funded
_'prOJeots to ensure speolflo beam line access

" LTPI concept addressmg industrial challenges together with
coordinated breakthrough instrumental developments at LSFs

Operational limitations & related initiatives
et EXCENENCE 10 INNOVato

hlghllghts introduction and post patentlng publloatlons ;

Amal Chabli . Feodoiling ol A ERP Workshop Hamburg May 31 — June 1, 2012 " | 21
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