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IMEC (INTER-UNIVERSITY MICRO-ELECTRONICS CONSORTIUM)
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▪ Imec is a nanotechnology R&D
organization (an RTO)

▪ Imec is centred in Leuven, Belgium.
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▪ CMOS scaling for memory, logic & interconnect

▪ New architectures

▪ New materials

▪ Beyond CMOS for memory, logic & interconnect

▪ 2D materials

▪ Graphene

▪ TMDs

▪ TIs

▪ Beyond von Neuman (quantum compute)

▪ Josephson junction?

▪ TI based, ... ?

IMEC FORECASTS
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More complex 

analysis needed faster

New measurement 

requirements (mobility, 

spin, spin dynamics, ... )

Required metrologies 

to be defined

Interconnect: 2.5 and 3D packaging

Memory

Logic
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IC DEVICE MANUFACTURING 101
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• Requirement I: Extreme control of input materials and process recipes/process tools

Precision is paramount → Best insight into process variations

• Requirement 2: Identify process steps/recipes/tools that have greatest impact on yields 

Analysis is costly → Only do analysis where needed, i.e., after critical steps

*Metrology/materials characterization provides 

an eye on the process and allows for R&D
If you can’t see it, you can’t control it (process control)

If you can’t see it, you can’t improve it (R&D)
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Process flow (FIB, SEM, 

TEM, etc.) starting with 

electrical inputs 

VPD-ICPMS, GCMS, UV-

vis, FT-IR, titrations, 

potentiometry, etc.

PROPERTIES/ANALYTICAL TOOLBOX
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Incoming chemicals

Failure Analysis

Optical

TEM/SEM

SPM

XPS/EDS

XRD/Raman

SIMS

APT

C-V etc.

*And there are others for supporting R&D+HVM
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METROLOGY SUPPORT OF TOMORROW’S IC INDUSTRY

▪ Metrology gaps

▪ CMOS: Faster time to data on more complex structures  

▪ Beyond CMOS: Added properties will need to be measured

▪ What additional support is needed

▪ More academic collaboration?

▪ More industry collaboration?

▪ More fundamental R&D?

▪ More synchrotron?

▪ And: There needs to be a renewed alignment on definitions

▪ The drive stems from the increased use of correlative metrologies (use of multiple techniques)
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INLINE (IN THE FAB) AND OFFLINE (LABS)

Graphene

WS2

Yes to all, 

but these need to be balanced,

well scoped, more aligned, and faster 
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BEYOND-CMOS METROLOGY NEEDS

▪ Beyond-CMOS devices will be recognized through 

the integration of 2D materials into process flows

▪ 2D materials display much higher mobilities than 

materials used in CMOS devices (Si/SiGe) and in 

some cases the charge carriers are also spin locked

▪ To follow these properties, new metrologies will need 

to be added, both in the lab and in the fab, and exiting 

metrologies will need further development

INLINE (IN THE FAB) AND OFFLINE (LABS)

2022 FCMN conference abstract book page 46Structure (CDs)

2022 FCMN conference abstract book page 121 

Spin + B
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