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Company Profile
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FemtoMetrix, Inc.

‣	
  Founded 2011

‣	
  Headquarters in California, USA

‣ Demo site at LETI 

‣ Korean Distributor: Ahtech LTS

Company Headquarters

Semiconductor Quality Assurance Tool Provider
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Technology Overview

Tool Results Correlate To:

‣ Metal Contamination at Interfaces

‣ Trapped Charges

‣ Interface Roughness

‣ Layer Thickness

‣ Doping

‣ Structural Defects

‣ Strain

‣ The second harmonic signal is sensitive to electric 
fields at interfaces of materials.

‣ SHG is forbidden in materials with inversion
symmetry (this includes Si + SiO2).

‣ At interfaces symmetry is broken + SHG is allowed.

‣ This makes SHG highly interface/surface specific.

SHG Technique

INTERFACES

SOI Wafer Example

SHG Capabilities
   Key Benefits to Device Fabs:

‣ Non-destructive optical subsurface analysis

‣ High in-line throughput (20-30 WPH+)

‣ Enhanced defect + contaminant detection

‣ Enables Go/NoGo in-line: inspection survey

Harmonic F1x® : Second Harmonic Generation (SHG)

02



Assuring	
  Quality	
  Interfaces

®

Production Tool
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Harmonic F1x® Support + Maintenance
‣ Sensitive surface and subsurface analysis

‣ Layer thickness measurements

‣ SMIF or FOUP loading configurable

‣ High in-line throughput (20-30+ WPH)

‣ Minimal facilities requirement - 
only power, vacuum, ESD + seismic 

‣ ISO Class 1 cleanroom mini-environment

‣ Bay + Chase / Ballroom compatible

‣ 200mm or 300mm configurable

‣ 1 year full coverage warranty

‣ No sample prep, consumables or reagents

‣ Modular design with offerings from reputed 

brands like Brooks, Owens, Peer and Aerotech

‣ No bindings / exclusivity on parts

‣ 24/7 support with dedicated engineer assigned

‣ Easy to use and interpret technology

“...(SHG is) needed, techniques that allow to characterize and monitor various aspects of the epitaxial structures 
without damaging the wafers in processing, and to evaluate how these aspects evolve during subsequent processing.”

-Dr. Matty Caymax 
Chief Scientist, Imec
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Applications Overview
Material Information Comments

Bulk Si / TSV Dielectric traps, interfacial roughness, contamination @ interface, 
minority carrier lifetime, Dit, stress/strain, doping

Can assist AFM, TXRF, VPD-ICPMS, 
SIMS, TEM, IPE + others

High-K / HfO2
O2 Vacancy, Layer thicknesses, 

Barrier Energy @ Heterointerface

Can assist XPS, CV/IV, 
Ellipsometry 

+ others

FD-SOI Bulk + buried interfaces / BOX All values for bulk + optical pseudo-
MOS + buried interfaces

SiGe Stress/strain, dopant concentrations Can assist AFM, VPD-ICPMS, SIMS, 
Haze + others

III-V (GaAs) Anti-phase boundaries, lattice defects Can assist TEM
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Why High-K Dielectrics?
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High-K Dielectric Issues
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Technique Comparisons
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Tool => Uses

In-line

Non-
Destructive

Chemical Analysis

Electrical Properties

Structural Properties

No Sample Preparation

2nd Harmonic 
Generation:

Harmonic F1x®
CV/IV XPS Ellipsometry

*

*
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Prior SHG / HfO2 Work



Assuring	
  Quality	
  Interfaces

®

HfO2 Sample Creation
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• Eight (8) 100mm Si wafers
• Orientation: <1-0-0> 
• Resistivity: 1-5 ohm-cm

• Variables: 
• HfO2 Thickness 
• H2O Vapor Pulse
• Annealing

• H2O Vapor Pulse affects O-vacancy ratio

• Anneal: 30min @ 1000°C in N2 ambient

• Thickness measured by Ellipsometry 
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CV Measurements
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CV Results: As Deposited
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S6 S8
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CV Results: Annealed
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S11 and S13 S10 and S12
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XPS Calibration
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XPS Results A
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XPS Results B
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( )Results:A
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SHG Tool Configuration
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PARAMETER SETTING

Laser Average Power 300 mW

Laser Photon Energy 1.5895 eV

Incident Beam Polarization P

Output Collection Polarization P

SHG Photon Energy 3.179 eV

Incident Angle 45°
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TD-SHG Results A
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TD-SHG Results B
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(6,7,8)

4 nm HfO2

1 nm HfO2

2.5 nm HfO2
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Trap Quantification: HfO2
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Applied Tau Model
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Model
Data

τ Values Proportional 
to Defect Densities
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Layer Thickness Correlation
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Reasonable correlation between Tau-1 and reported ellipsometry data
Attractive to extrapolate thicknesses for a same process

Un-annealed samples
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Results Summary
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‣ Eight Si/SiO2/HfO2 wafers were created for characterization of the gate stacks 

‣ Ellipsometry, CV, XPS + SHG data were taken on the center point of each wafer

‣ SHG has been correlated with ellipsometry + results are consistent with prior work

‣ SHG observes differences in trap density confirmed by XPS + CV characterizations

‣ Layer thickness + trap densities have been parsed from the raw SHG signal

‣ Next steps are derivation of quantified values: layer thickness, O-vacancy densities
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Questions?
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