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TEM vs  STEM

Why Bother??
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Back Focal Plane
Diffraction Plane
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Crewe  FEG/STEM  ANL  1965 -> Uof Chicago 1966
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BF ABFABFADF/HAADF ADF/HAADF

yin(r)

yout(r)

ID(k,r) =|yout(r) y*out (r)|2

ADF BF

4



10/28/25

3

Zaluzec – 2023

5

Zaluzec – 2023

6



10/28/25

4

Zaluzec – 2023

STEM generally use
Condensor Double
Deflection Coils to
Translate the beam
across the specimen
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STEM Detectors
Can be a variety of shapes
and configurations.

 Annular Detectors with “hole”
allow both Images
and EELS Data to
be acquired simultaneously

Today, the STEM detector is
a segmented array of detectors
Whose signals can be combined. 

This was first done in the late 60’s by
Albert Crewe etal at the University of Chicago
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Regular STEMSTEM with
smaller b

TEM
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(A) particle location

(B) uncorrected TEM
    Cs ~ 1.2 mm Cc ~ 1.2 mm

 

(C) EFTEM
       Cs ~ 1.2 mm  Cc ~ 1.2 mm      
      dE~0, dW~10 eV

(D) Cs corrected
        Cs ~ 2.0 µm Cc ~ 1.8 mm 

(E) Cs/Cc corrected
        Cs ~2.0 µm  Cc < 10 µm 

(F) uncorrected STEM
       Cs ~ 1.2 mm Cc ~ 1.2 mm

 

500 nm SiN

Imaging Mode & ROI Location: TEM vs STEM 
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HAADF
Si/Ge

MultiLayer 

Dt

Ge Si

Contamination
Vacuum

200 nm

STEM Detectors & Contrast
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HAADF  STEM 
Pd-Sb-Mo on Titania 
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STEM HAADF Imaging of (BaTiO3)4/(CaTiO3)4 Ferroelectric Superlattice along [110] 

HAADF shows high quality of the superlattice film with good Z contrast among Ba, Ca, and Ti 
columns. Oxygen columns are not observed. No superstructure is observed. 
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300 kV
Analytical Pico Probe 

Prototype Testing

Single Atom Imaging  
  Pt on UltraNanoCrystalline Diamond (UNCD)

206 pm
UNC Diamond  Lattice
Visible in Background
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HREM - TEM HAADF STEM
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M. Weyland 2018 
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M. Weyland 2018 
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M. Weyland 2018
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M. Weyland 2018
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M. Weyland 2018
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M. Weyland 2018
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M. Weyland 2018
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M. Weyland 2018
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M. Weyland 2018
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Position Resolved Diffraction ( 4DSTEM = Misnomer) 

Cornell EMPad  128x128 – 30 bit – 1.07x 109cnts
PN Sensor  -  256x256 – 16 bit  - 6.5 x 104cnts
K2/OneView  DE Array -  2Kx2K – 16 bit  - 6.5 x 104cnts
Merlin – Quantum Detectors - ?
LBNL DE Array -  ?? TBD
Others…

Comparisons of Dynamic Range Detectors

2001

2018

Replace the segmented Si Detector by a High Resolution ARRAY of sensors

32



10/28/25

17

Zaluzec – 2023

B

v
F

DAQ System

Position Resolved Diffraction

BF STEM  LSTEM
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What Limits the ability to form a small probe?

Lens Aberrations
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M. Weyland 2018
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Notice, loss of definition of
weak reflections !
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M. Watanabe Lehigh 
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M. Watanabe
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B. Freitag FEI - 2006
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PicoProbe 300 kV, 28 pA, C2A 100 um, 28.7 mR, SS#8 MonoChromator On - Unfiltered Mode

2022012927  GaN {211} 

63 pm
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TEAM Project
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Aberration-correction allows 
for larger probe-forming 
aperture angles.As aperture 
angle increases, probe width 
decreases.  Moreover “depth of 
focus”decreases, and even 
more rapidly.

By varying defocus, in 
additional to usual 2D raster 
scan, could now scan in 
3D.Can still measure several 
signals simultaneously.

Scanning Confocal Electron Microscopy 
Depth Profiling
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Microsc. Microanal. 14, 454–462, 2008
doi:10.1017/S1431927608080902
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Scanning Confocal Optical Microscopy

http://www.itg.uiuc.edu/technology/atlas/microscopy/confocal.htm
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Scanning Confocal Electron Microscopy

Minsky 1961 Patent

53

Zaluzec – 2023

TEM SCEM

“ ~ 3+ µmThick”

Comparison TEM/SCEM 
Semiconductor Specimen
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Comparison of TEM/SCEM imaging  
 5 µm thick  X-section of hair medulla

P. Hallegot & N. J. Zaluzec
Scanning Confocal Electron Microscopy of Thick Biological Materials

Microscopy & Microanalysis 2004, Savannah Ga
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TEM SCEM

Comparison of TEM/SCEM imaging  
 5 µm thick  X-section of hair medulla

P. Hallegot & N. J. Zaluzec
Scanning Confocal Electron Microscopy of Thick Biological Materials

Microscopy & Microanalysis 2004, Savannah Ga
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Depth of Focus/Field
Pre vs Post Specimen Semi-Angles

d =  100 nm

a

d

D

D = da

d =  10 nm

d =  0.1 nm

d =  1 nm

Useful
Targets
Require

Aberration 
Correctors
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Weyland, Etheridge, Zaluzec M&M 2009
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Courtesy of H. Rose 
Calculations 2016

Cs, Cc -> 0
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What  are the Limits - Today?

S. Pennycook from the TEAM Project Report

5 Å Spectroscopic 
identification at 
subnanometer 
resolution.

8% collection 
efficiency 

820 850 880

In
te
ns
ity

Energy (eV)

La M4/5

La in CaTiO3 
grown by MBE
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