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IBM press release — April 9, 2009

CEA/Leti and IBM to Collaborate on Future Nanoelectronics Technology

CEA/Leti Becomes a Research Associate of IBM and IBM’s Semiconductor
Joint Development Alliance Ecosystem Centered in Albany

« GRENOBLE, France - 09 Apr 2009: CEA/Leti (the Electronics and Information Technology Laboratory of the
CEA, based in Grenoble), and IBM today announced that they will collaborate on research in semiconductor
and nanoelectronics technology.

Innovative nanoscale

characternization technigues

eyond
e Te s for research and

for the monitoring of manufacturing protocols ... »

© CEA 2009. All rights reserved
Any reproduction in whole or in part on any medium or use of the information contained herein
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Scaling down

Driving forces for nanoscale characterization
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Outline

A new nanomaterial context

® Down to 45 nm OS technology
® Below the 45 nm CMOS technology
W Integration of nanomaterials

® Conclusion

From the point of view of characterization
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Beyond CMOS and Extreme CMOS objects

SWNT Bio-molec_ules

S
DNA

100 mon -

Nano-bridge for contacting a single Np

CEA/LEM

Nanosize etfect characterization
e Huge instrumental effort

e Powerful simulation

e Elaborated data interpretation

®» Challenges for integrated NMs ? -

Any reproduction in whole or in part on any medium or use of the information contained herein
is prohibited without the prior written consent of CEA
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‘Integrated materials characterization challenges

B Co multi-twinned nanocrystal on TEM C membrane

Structural characterization
WO preparation

USQUID device
single cluster magnetism

Characterization
using a TEM lamella

®» Process induced changes
®» Crystallographic orientation vs TEM

M. Jamet et al., Phys. Rev. lett. 86, 4676 §200]d)
®» \Where are we, today ? o reptocuctonin e i o sy medi o ol comaes ot

is prohibited without the prior written consent of CEA
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Down to 45 nm node CMOS technology

CEA-LETI

WN

¥ New materials HIK,
Metal gate stacks, Cu interconnects

X

HfO,

W Advanced processes ALD,

-------------

C‘ouesy A.-M. Papon
e Process improvement and control require mainly 1D
iInformation

W Layer thickness down to the nm S

e Representative full wafer layers and stacks of the
Integrated materials are available

e Sub nanometer depth resolution mandatory

» Material properties within thin layers

Integration » Interface stability

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
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1D information fro

Complementarities

= as deposited - experimental
as deposited - calculation
= annealed - experimental
annealed - calculation
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S. Lhostis et al., proc. of 213th ECS Conf. (2008)

Cutting edge capabilities

XPS-UPS
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A. Martinez et al., JAP, 104, 073708 (2008)
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Courtesy F. Ferrieu
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ATR-FTIR
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N ROChaf er a/, FCMN (2007) © CEA 2009. All rights reserved
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Below 45 nm node CMOS technology

W Size effect on material properties Cu lines

W Local growth (SiGe S/D) Selective epitaxy

e Process improvement and control require more and
more 2D information

e Representative features of integrated materials with
only conservative 3'9 dimension are available

e Imaging with nanometer spatial resolution required

Integration

» Size dependent properties
® Induced new phenomena and
properties

el

Characterization of Integrated Nano Materials A. Chabli 10



2D Iinformation for specific features

® Cuinterco.

TOE-SIMS [ ——
10 pm

0.4 um Cu line

T g 3 UM Cu line

J.-P. Barnes et al.
SIMS XVI Int. Workshop (2007)

B Metal gate

EBSD

S
— 1 ) 4.90'_
e LI c
_— 10 9 489-
8 J
= 4.887
KFM < :
| S 4.87-
K. Kaja et al. = -
Poster TU-011
N. Gaillard et al., Microelec. Eng. 83 (2006)
N . Bar‘r‘ett et C(l . © CEA 2009. All rights reserved
__Poster WE-025 » Surface topography )
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2D Information from electron mlcroscopy

HR-HAADF-STEM

25n0m. - §
spot size | Courtesy M. Jublot
| » Conservative
| 3 dimension
is required

Wi Orientation

Uppermost _
- - ﬁ Stral n CEA2009 AH H ved
spatial resolution . e e Tt
— @i Chemistry
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2D Information from electron microscopy

Electron holography . a0y Sl p/njunctions 45 nm CMOS

2.5 « 8kV

Coherent electron beam %‘-2_0_ 4+ Repaired
£ 45
Fi Q
[sazazsaaszass g T gg 1.0-
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o 1) A A N
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Crystalline specimen thickness (nm)
D. Cooper et al., APL 93, 183509 (2008)

D. Cooper et al.
Poster TH-014

Dark field holography

Courtesy D. Cooper
50%

3.04
o ) ®» Conservative
E 15] 20% _ _
510 3"d dimension
s AART is required
0 100 200 300
Distance (nm)
200 nm © CEA 2009. All ri gh1 ed

Any reproduction in whole use of the information ¢ d h
p hb dv\/lh t the prior written con: fCEA

— More about dark field holo.: M. Hitch, this canf mvn‘ed
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Non-conservative 39 dimension case

B 50nm gate SOl device Redeposited
HfO,

®» Full structure not identified by a
unique view
=» 3D information required
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Integration of nanomaterials

W Features of nanometer size wires, Dots, CNT,...

W Bottom up approach self organization, catalysis, ...

e Process improvement and control require 3D information
e Only features with no conservative dimension

e Needs down to atomic resolution

Electron

B
\ holography

100 nm ' -1:

undoped Si NW . : ,
P Promising on isolated objects

but still mainly qualitative

© CEA 2009. All rights reserved
Any reproduction in whole or in part on any medium or use of the information contained herein
ent of

CNT catalyst

M. Den Hertog et al.,

P dOPed Si NW to be published
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Beyond CMOS nanomaterial integration

B Vertical ZnO NWs embedded in polymer

Electrical Scanning Probe Microscopy

o 1013 278V
SSRM
o)
B
L
300 nm
N. Chevalier et al. 1090
Poster TH-020 E. Latu-Romain & al., EMRS (2008)

: Y e T © CEA 2009. All rights reserved
r O p e rt I eS I I I O I I C at I O n Any reproduction in whole or in part on any medium or use of the information contained herein
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Beyond CMOS nanomaterial integration

B Gdinclusion in silica nanospheres

Back projection of
HAADF tilt series

Electron tomography
HAADF-STEM

‘:g 50 nm
L o =
®» 3D observation mandatory
Where is the Gd cluster ? even if isolated nanospheres

Any reproduction in whole or in part on any medium or use of ned herein
is prohibited without the prior written consent of CEA
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3D for top down approach extreme CMOS

B Gate-all-around (GAA) transistors
Th. Ernst, this conf., invited

Conventional preparation

100-200nm thick

__ SN Parallel-sided lamella

hard mask

— Source

Image quality
degradation

®» Thickness changes with tilt

®» Shadowing at high angle
W 'aM A‘

CEA 2009 AH g) I rved
Any reproduction in whole or in part on any medium or use of tf ne(i he(em
is prohibited without Lhe pmm wmlen consent of CEA

— 60 Shadowing
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Specialized sample preparation for 3D

P. Cherns et al.
Poster TH-021

HAADF-STEM tilt series |

®» No thickness changes with tilt
®» No shadowing over the full tilt range ..o oz e

is prohibited without the prior written consent of CEA
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3D reliable information for GAA devices

B Needle tomogram reconstruction by Weighted Back Projection

Boundaries of TiN layers

®» Still some artifacts P. Cherns et al.
* Q u an t I fl C a-t I O n LRI | POSter' | I I - 02 1 © CEA 2009. All rights reserved
Any reproduction in whole or in part on any medium or use of the information contained herein
is prohibited without the prior written consent of CEA
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Scaling down

Challenges in nanoscale characterization

65 Nnm 45 nm 32 nm 22 nm 12 nm

v
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Thin films- 1D
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- Protocols 3D
"~ Relevance .
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Oy,
e Moor -

B B Single obJec'r -3D

Beyond CMOS
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What about NEMS ?

B Dynamic properties

Vibrating
nano-beam

f,= 67,35 MHz
Qpugs = 1375@6.10 Tomr

5 Flpeasont = 118k02
=
g P = -33dBm
1 B =810 Tor
E :
: e
] ‘1

87 : . :

872 874 87.8 67.2 68.0

Frequency (MHz)
Frequency vs. DC voltage

» After complete process

Characterization of Integrated Nano Materials

® NEMS VLSI

®» Optical detection for MEMS
®» Electron detection in a SEM
for NEMS

S. Petitgrand and A. Bosseboeuf, J. of Micromech. and
Microengin.14, S97-101 (2003)

M. Zalalutdinov et al., Appl. Phys. Lett. 77, 3287 (2000)
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