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NEAR-LINE TEM FLOW :  WHAT DOES IT BRING TO THE TABLE
PAUL VAN DER HEIDE

Tues 2:45-3:15pm



NEEDS OF THE INDUSTRY

TEM/STEM & CHEMICAL IMAGING

AUTOMATED TEM WORK FLOW



HVM LANDSCAPE

In High Volume Manufacturing (HVM) :
1 cycle of learning ~100M (USD)
1 fab down event costs >1M (USD)/day
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Manufacturing
-Over 1 month      

of processing

-1000+ processing
steps

-Dimensions
approaching 
atomic scale

-More complex 
materials and
structures (3D)

ROI realized through

Highest possible yields (>>90%)

24/7 operation 365 days a year

As fast as possible ramp to full 
production



PROPERTIES-ANALYTICAL TOOLBOX
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Incoming chemicals

Processed wafer

OM/SEM

TEM/STEM

SPM

XPS

XRD

SIMS

APT

C-V etc.

*And there are other techniques for supporting R&D+HVM
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NEEDS OF THE INDUSTRY

TEM/STEM & CHEMICAL IMAGING

AUTOMATED TEM WORK FLOW



TEM/STEM AND CHEMICAL IMAGING

Traditionally TEM/STEM has been a highly manual process 

Si1-xGex composition maps derived via EDS
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0.39 ANGSTROM RESOLUTION AT 80 KEV
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NEEDS OF THE INDUSTRY

TEM/STEM & CHEMICAL IMAGING

AUTOMATED TEM WORK FLOW



WHY 

9

1) Escalating industry costs → Faster ROI

Method Internal 
ref

Resolu-
tion

Speed Damage Statistics

OCD

CD-SEM †

TEM/   
STEM

* *

† Resist shrinkage
* Manual based flow

2) Reduced dimensions and going to 3D → More difficult analysis needed faster

Automated 
TEM/STEM



AUTOMATED WORKFLOW VIA ETM SUITE
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The ETM suite provides an automated TEM work flow

ExSolve (full-wafer)
Automated lamellae prep

Process=

1) Sample (lamella) 
milling

2) Sample (lamella) 
transfer

3) Sample (lamella) 
analysis

ETM=ExSolve(dual beam FIB)-TEMLink(sample transfer)-Metrios(TEM)

TEMLink
Lamellae transfer to grid

Metrios
Semi-automated TEM



AUTOMATION → IMPROVED PRECISION

Automated TEM workflow

Automation=

1) More precise 
thin lamella

2) Faster through-
put 

3) Improved CD 
precision



AUTOMATION → PRECISION → STATISTICS

Throughput: Up to 21 lamella/day with numerous sites per lamella available**

Statistical=

1) More precise 
thin lamella

2) Faster through-
put 

3) Improved CD 
precision

Slide from presentation of Ozan Ugurlu (from FEI now Thermo-Fisher-Scientific)

** Full auto mode on straight forward structures
assuming recipes exist



DOWNSIDES
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Costly & only one vendor (for the moment)

Automated=

1) Recipe driven 
Need onsite expert/s that know specific process flows

2) Recipe development times are long
Weeks for 1st recipe down to hours for recipe modification

3) Recipes are highly specific & these run blindly
No on-the-fly changes to experiment & no visibility to device abnormalities

Opportunities

More vendors = More competition

Can ML/AI support recipe development?

Can device emulation inputs add value?

Downtime at any step impacts entire workflow (multiple flows needed)



WHAT DOES IT BRING: NEW CAPABILITIES & MORE CAPACITY

Automated TEM

1) Faster time to data (>>2x)

2) Improved CD precision
a) Recipe driven sample prep

(faster, more precise)
b) More precise thin Lamella 

(less projection effects)
c) Recipe driven data collection  

(removes human factor)

Manual TEM (traditional)

1) Single site one-off analysis
a) R&D
b) FA

2) Advanced capabilities
a) Strain analysis (NBD, PED, ...)
b) Tomography
c) Holography
d) Ptychography

ETM ramp

Sa
m
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More technically diverse 
R&D and FA requirements

New capability (→CD-TEM)

Both
are of 

high value
to the industry



SUMMARY

Escalating industry costs → Faster ROI

Automated TEM Manual TEM 
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Near-line (high volume)
-Dimensions (CDs)

→CD-TEM
“Metrology”Statistics

Off-line (low volume) 
-FA

-R&D
“Characterization” Advanced capabilities

TEM/STEM semiconductor workflows

Manual TEM flow (best for one-off “characterization” approaches) → Accurate

Automated TEM flows (best for “metrology” approaches) → Accurate & precise
combined with faster speed introduces statistical analysis capability

M
ix
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