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C. KÃ¼bel, FEI Application Laboratory What is STEM? - eufanet

Scanning Transmission Electron Microscopy. Uses SEM column. Thin sample (50 to 200 nm). Multi-region detector below sample: â€¢ Bright Field (BF). 
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Purpose Why: Smaller feature sizes => • More & higher resolution data • Extend DualBeam (FIB/SEM) capabilities Value: Solve more FA problems in a single system • Bridge the gap from SEM to TEM • Faster time to data
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Outline Introduction What is SEM-STEM? DualBeam-STEM configuration Planar sample preparation Failure analysis results STEM monitoring of sample thinning Getting the most out of your sample SEM to TEM Summary
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Introduction On-going challenge • ITRS Roadmap / Moore’s Law • Ever-shrinking feature sizes • New materials More high resolution analysis required • Expands need for TEM and TEM-prep • Drives need for novel approaches to extend SEM performance
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Bridging the Gap between SEM and TEM SEM Nanometers



DBSTEM Subnanometer



TEM Ångström



SEM imaging of bulk materials is limited by materials contrast and beam/sample interactions STEM imaging in the SEM enhances resolution and contrast • Frees up valuable TEM time • Sample ready for quick transfer to TEM 5
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Strata 400 DualBeam Sirion Loadlock Sidewinder



100 mm UHR Stage
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What is STEM? Scanning Transmission Electron Microscopy Uses SEM column Thin sample (50 to 200 nm) Multi-region detector below sample: • Bright Field (BF) • Dark Field (DF) BF • High-angle (HADF) DF HADF
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Electron beam
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SEM-Xsection vs. Flipstage/STEM Results
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High-Spatial Resolution Chemical Analysis
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Sample Preparation for STEM DualBeam (FIB/SEM) (same benefits as for TEM prep): • Site-specific • Section through disparate materials • Precisely positioned using SEM monitoring of milling Once the sample is thinned – how to image? • Typical method: • 1 Remove from chamber • 2 Place in STEM mount • 3 Replace in system for imaging Ideal solution is to combine preparation and imaging • => DualBeam-STEM 10
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DualBeam-STEM Configuration Move between FIB and STEM position in seconds Enables iterative thinning and imaging View sample on both sides and in transmission mode
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Planar Sample Preparation using In-Situ Liftout and Flipstage Planar sample is parallel to original surface Normally requires extra steps to prepare • Extra pre-FIB preparations steps • Or, re-orient sample part way Flipstage enables planar preparation in-situ • No additional pre-FIB steps • Cross sections still possible
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Planar Sample Preparation - 1 Deposit protective layer
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First angled cut
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Planar Sample Preparation - 2 Second angled cut



14



Lift-out free sample
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Planar Sample Preparation - 3 Attach to grid on Flipstage (in 90 degree position)
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Disconnect needle
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Cross-Section and Plan Views
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Failure Analysis Applications – 1 Cross sectioned in wafer tool Converted to transmission sample in DBSTEM STEM and EDS analysis performed Ti-rich material shorting gate
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Failure Analysis Applications – 2



Salicide layer discontinuous under Tungsten contact 18
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Comparing SEM-STEM with TEM
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Simultaneous Patterning and STEM Imaging
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Sample Thickness Monitoring
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Need More Detail ? – Transfer to TEM Once the sample has been thinned it can easily be transferred to the TEM for more detailed analysis. TEM (and high energy STEM) allow the ultimate in resolution to be obtained from your sample along with detailed chemical analysis and high resolution 3D information.



22



C. Kübel, FEI Application Laboratory



VIA – HAADF-STEM Tilt-Series



HAADF-STEM Tecnai F20 S-Twin Acquisition -68° to +70° 2° steps 2k x 2k images 1600x1600 nm2
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Sample provided by H.-J. Engelmann, AMD Dresden
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VIA – HAADF-STEM Tomography



TaN Cu - holes W SiNxO y
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C. Kübel, FEI Application Laboratory



Getting the most out of your sample … The DualBeam STEM with its integral flipstage and insitu manipulation provides you with enormous flexibility in method of obtaining data from your sample. Samples can be imaged, cross sectioned, sequentially sliced to provide 3D SEM data; thinned for STEM analysis; taken to the TEM for the ultimate in resolution, analysis and 3D visualisation. The sample can then even be reintroduced into the DualBeam for further thinning or manipulation
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Summary DualBeam STEM bridges the gap from SEM to TEM • Faster time to data by combining preparation and imaging • High-resolution, high-contrast multi-mode STEM detector • Enhanced spatial-resolution EDS Iterative thinning/imaging and analysis without exposing sample to air Flipstage enhances sample preparation capabilities Sample is optimally mounted for quick transfer to TEM …and back to the DualBeam again if needed DualBeam STEM offers great flexibility in the method of obtaining data from a sample. 26
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