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Wolfspeed to Build 200-mm SiC Wafer Fabin -
Germany

(® February 8,2023 Anne-Francoise Pelé
“Silicon carbide is the answer to some of the biggest issues of our time: energy savings and climate change,” said G
Lowe, president and CEO of Wolfspeed.
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- STMicroelectronics plans new plantin :
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T By Nick Flaherty European fabS
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icon carbide (SiC) wafer plant in the Czech Republic with an
r the next two years.
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Bosch plans to invest another €3bn in its semiconductor division by 2026 as part of the

proposed European IPCEl programme on microelectronics and communications technology.

in the transition
This will include 300mm wafer capacity for its MEMS devices and 1200V gallium nitride

Alogo is pictured on the factory of STMicroelectronics in Plan-les-Oautes near Geneva, Switzerland, [ GaN | deVlCeS for automot|ve
mber 6, 2016. REUTERS/Denis Balib:

“Transphorm TPH3208PS 650V GaN HEMT Reverse Costing”, SystemPIus Consulting (2017)
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PowerElec Project Goals

AFM images Measured

* |Increasing sensitivity

Novel application of near-field spectroscopy to WBG defects
Combined KPFM-cathodoluminescence technique for defect discrimination
Advanced sampling techniques to optimise speed and accuracy

Detection

* Increasing throughput Lig

source

Parallelised scatterometry, fast-ellipsometry, PL imaging -l
Mueller ellipsometry as complementary technique

DMD % \
Structured light for compressed sensing ﬁ

(faster measurement, higher signal-to-noise) Sample

* |Increasing confidence

Hybrid metrology: combining local and ensemble measurements to enhance sensitivity & speed
Uncertainty evaluation in compressed sensing reconstruction

Traceable measurement of device performance & reliability

|dentification of critical defects and key measurands




PowerElec Project

WP1. In-line wafer inspection
Optical techniques combining:

scatterometry, ellipsometry, optical
imaging

WP3. Quantifying material
quality using: Data fusion,

it hybrid metrology, compressed
ot - sensing, machine learning

Polishing related

Micropipe

WP2. Off-line nanocharacterisation
Combining nanoscale microscopy:

IR s-SNOM, TERS/TEPL, KPFM,
cathodoluminescence

WP5. Creating Impact:
Knowledge transfer, training, uptake, exploitation

WPA4. Identifying key measurands:
Correlating material quality with
device performance: mobility,
dynamic R, reverse bias stability




Near-field optical spectroscopy (SiC)

» Optical spectroscopy offers sensitivity to chemical and structural properties, but spatial resolution is
limited by diffraction.
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« Scanning probe microscopy (AFM) offers nanometre spatial AFM
cantilever

resolution for surface topography.

* Near-field spectroscopy combines AFM with spectroscopy to
achieve nano-scale optical measurements.




IR scattering-SNOM (SiC)

IR scattering from sharp tip probes local phonon modes with sensitivity to doping density and

polytypes.
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IR scattering-SNOM (SiC) NPLE

» Defects at the SiC/SiO, interface are known to impact device performance

« sSSNOM signal relates to sub-surface nanoscale features at the oxide interface — in this
case probably polishing defects
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Multi-modal microscopy (GaN)

« CL measures radiative recombination

Radiative
recombination

NPLE

« KPFM measures surface potential
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« Combined measurements make it possible to separate recombination mechanisms
associated with nanoscale defects.
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Multi-modal microscopy (GaN) =2 —m
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Pre-Standardisation Research

“For silicon everything is standardised but for compound
semiconductors nothing is.”

« National Metrology Institutes have a role to play in supporting industry through standards
development.
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Wafer-scale Defect Inspection

» Optical methods are best suited to high-throughput, in-line wafer metrology.

« State of the art tools for WBG epi-wafers use light/dark field scattering, PL, DIC to detect and
classify defects.

Yield Map

PL_bright triangle

* Not all defects are device killers so accurate classification is required.

« Multi-channel Machine Learning enabled classification is used but there is no method to quantify
confidence

Wafer-scale

Nano-scale Advanced sampling




Wafer-scale Defect Inspection NPLE

« Challenge for instrumentation is to achieve BOTH improved sensitivity and throughput.

« Coherent Fourier Scatterometry is a fast and sensitive beam-based technique, with sensitivity to the
optical properties, size and shape of defects, but requires modelling to analyse quantitatively.
Multiple beams enables parallelised measurement (x 9 demonstrated).
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« Mueller Matrix Ellipsometry is also very sensitive to defects via optical properties and can be
parallelised with an imaging detector.

» Parallelised measurements are still bandwidth limited so cannot escape the trade-off between

throughput and sensitivity.

Nano-scale Advanced sampling




Compressed Sensing

» “Data compression applied during acquisition”

* Measurement is under-sampled and reconstructed:

I.e. Measuring N signal elements with M observations, where M<N.

» Benefits of compressed sensing:

(Pseudo)

* Fewer measurements so faster than point-by-point sampling Raster Random Patt
andom Patterns

» Multiple simultaneous points results in improved
signal-to-noise ratio and dynamic range benefit

« Compression is optimal for sparse signals e.g. localised

defects.

Digital Micromirror Device
for structured illumination

E.J. Candes and T. Tao, IEEE Trans. Inf. Theory, 52, 5406-5425 (2006)
D. Donoho, IEEE Trans. Inf. Theory, 52, 1289—1306 (2006)

Nano-scale Wafer-scale Advanced sampling




Compressed Sensing for PL of SiC

* Photoluminescence spectroscopy of SiC can identify polytypes:
4H-SiC (3.23 eV bandgap), 6H-SiC (3.05 eV bandgap), 3C-SiC (2.36 eV bandgap)

Feasibility testing of compressed sensing PL through simulation
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Confocal PL map of polytype inclusion
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Compressed Sensing for PL of SiC

Reconstructed spectral maps
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Compressed Sensing for PL of SiC
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Prototype instrument under development for experimental test of spatial
compressed sensing for PL spectral mapping
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NPLE

Conclusions

The PowerElec Project is tackling metrological challenges for epiwafer material quality
presented by SiC, GaN, and Ga,O0,.

= Increasing sensitivity
Some defects currently lack suitable measurement solutions (e.g. nanoscale defects, buried features).

- Near-field spectroscopy, CL, KPFM (including combined modes) can distinguish sub-surface defects and
probe local charge carrier dynamics.

* Increasing throughput

Requirement for high-throughput, high-sensitivity metrology for defect identification and quality assurance.
- Novel parallelised optical measurements, and compressed sensing offer potential solutions.

= [Increasing confidence

Quantification of measurements using novel metrology methods and uncertainty analysis.
Contributions to standardisation for WBG measurements is underway but a lot still to be done.
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