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METROLOGY and 3D ARCHITECTURES

\
HYBRID METROLOGY

“FLUID CROSS-TECHNIQUES COMPLEMENTARITY ”
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SSRM past and future
Scalpel SPM for 3D tomographic capability

Combining TEM and Scalpel SPM

Sample preparation / Analysis flow
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SSRM BASIC PRINCIPLES
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SSRM FOR CONFINED VOLUMES ANALYSIS
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FFT-SSRM BASIC PRINCIPLES
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22 YEARS OF NANOELECTRONICS CHARACTERIZATION IN 2D
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CHARACTERIZATION IN 2D
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SCALPEL FOR 3D TOMOGRAPHY

The transition from 2D to 3D
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[Jacobs, T. D. B., & Carpick, R. W., Nature Nanotechnology, 8(2), (2013)]
A stress-assisted chemical reaction = Atom-by-atom removal
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A SLICE-AND-VIEVWW APPROACH BY TIP-INDUCED MATERIAL REMOVAL

0
E 1000
= 800 | @4 4
§ -600 600 [ 8
-800 o = 400¢ N
—— section line E L0
B 0 100 200 300 400 500 600 700 g o
X (nm) 5 -200 ¢
& -a00}
:232 | —— Section line
-1000 S —
0 50 100 150 200 250 300
X(nm) T T T T T
< Si T
S 20} _ _ _ .
= - o SiGe _
m T
g 15 - Ge % T
. . . . S~ .
Removal performed on: Si, SiGe, Ge, InGaAs, InP, TiN, Cu,Tj, £ 10 :
. £ r 7
& s i -
0 P ¢ § 1 " I n 1 n 1 n 1 ]
0 2 4 6 8 10

Load (uN)

-
l]]] e c 12 Frontiers of Characterization and Metrology for Nanoelectronics 2017



SSRM past and future
Scalpel SPM for 3D tomographic capability

Combining TEM and Scalpel SPM

Sample preparation / Analysis flow



SCALPEL SSRM APPLICATIONS FOR LOGIC DEVICES

[Vandervorst, W., Mater. Sci. in Semi. Proc., 2016]
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SCALPEL SSRM APPLICATIONS FOR LOGIC DEVICES
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3D TOMOGRAM ANALYSIS CAPABILITY
Details on a FinFET 22 nm node

Electrical channel 11 nm
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SSRM past and future
Scalpel SPM for 3D tomographic capability

Combining TEM and Scalpel SPM

Sample preparation / Analysis flow



CO-EXISTENCE OF SCALPEL SSRM AND TEM
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ELECTRON TRANSPARENCY COUPLED WITH MECHANICAL STABILITY
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Real case study on p-FinFET
Interface between SiGe raised S/D and sGe
Site-specific analysis

metaMetrology



HYBRID METROLOGY: REAL CASE STUDY
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[Mitard, J., VLSI-Technology, 2016]



INDIVIDUAL DEVICE ANALYSIS SCALPEL-SSRM / TEM
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INTERFACIAL LAYER BETWEEN RAISED S/D SiGe AND Ge

TEM
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INTERFACIAL LAYER BETWEEN RAISED S/D SiGe AND Ge

Ge poor interface
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SITE-SPECIFIC ANALYSIS UNDER-FIN PARASITIC
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Meta-Metrology

“An abstraction behind another concept, used to complete or add to the latter”



OUTLOOK AND CONCLUSIONS




CONCLUSIONS 2017 - 2020

_InGaAs _

Hybrid metrology

- Scalpel SPM is combined with TEM Gate-allaround  III-V FinFET -V GAA Vertical GAA

- New sample-prep. and workflow is designed
- Local nm-precise, 3D characterization structural / electrical for confined volumes

- Material characterization / Process qualification / Device Failure analysis

Outlook

- Applications to emerging logic devices
- GAATII-V

- Artifacts correction in SSRM in confined volumes and TEM inspections
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