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The beam sensitive materials including Metal Organic Frameworks (MOFs) and Zeolites require a reduced electron 
dose (typically, probe current < 1.0 pA) while maintaining clear atomic contrasts for the framework of light elements. 
The OBF STEM has an advantage for such low dose experiments, realizing ultra high dose-efficient STEM imaging in 
an atomic resolution. The OBF STEM image of MOF MIL-101 (figure 1) and MFI Zeolite (figure 2) can be acquired in 
a single shot with higher spatial resolution 1.8 Å and 1.0 Å, respectively. The enhanced contrast and resolution can 
be also confirmed in each stack averaged image (insets).

In the new imaging method ‘OBF STEM (Optimum Bright Field STEM)’, raw images acquired by a segmented STEM 
detector are used as the source for a phase image reconstruction, with dedicated Fourier filters to maximize the signal 
to noise ratio of retrieved image.
This promising method realizes higher contrast for both heavy and light elements even while operating under extremely 
low electron dose conditions. Beam sensitive materials difficult to observe with standard ADF and ABF STEM methods 
can be easily analyzed with higher contrast at a wide range of magnifications.
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Ultra High Dose-Efficient STEM Imaging

Live Low Dose, Light Element Imaging

OBF System

Figure 1: MOF MIL-101
JEM-ARM300F2 Eta-corr. FHP2, Acc. 300 kV, 
alpha = 7 mrad, Probe current < 0.15 pA
Insets) FFT pattern and 50 frames averaged image 
Specimen courtesy of Prof. Zhenxia Zhao, Guangxi University
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Figure 3: SrTiO3 [001]
JEM-ARM300F2 Eta-corr. FHP2, Acc.300 kV, alpha = 24 mrad, Probe current = 0.8, 0.5, 0.3, and 0.1 pA
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Figure 2: MFI Zeolite
JEM-ARM300F2 Eta-corr. FHP2, Acc. 300 kV, 
alpha = 13 mrad, Probe current = 0.3 pA
Insets) FFT pattern and 10 frames averaged image
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Figure 4: GaN [110]
JEM-ARM200F ASCOR UHR, Acc.60 kV, alpha = 35 mrad

Figure 6: β-Si3N4 [0001]
JEM-ARM200F ASCOR UHR, Acc.200 kV, alpha = 24 mrad,
Inset) 10 frames averaged

Figure 5: Graphene
JEM-ARM200F ASCOR UHR, Acc.60 kV, alpha = 35 mrad

Figure 7: GaN [211]
JEM-ARM300F2 Eta-corr. FHP2, Acc.300 kV, alpha = 32 mrad,
Inset) 20 frames averaged

In addition to being highly dose efficient, OBF STEM is also advantageous for light element imaging.
Even in a lower acceleration voltage, both higher contrast and spatial resolution can be achieved for light elements.

The resolution for light elements becomes much better with a higher acceleration voltage.
Each atomic column is now clearly separated with a deep sub-angstrom resolution inside complex structures (figure 5) 
or along higher-index crystallographic axes (figure 6).
The quality of OBF STEM is excellent in low dose conditions, and further enhanced under the standard probe 
conditions of a Cs-corrected electron microscope.

High Contrast Imaging for Light Elements
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Figure 8: Mitochondria in mouse kidney, unstained
JEM-ARM300F2, Acc.300 kV, alpha = 0.13 mrad

Figure 9: Semiconductor device 
JEM-ARM200F, Acc.200 kV, alpha = 2 mrad

When the OBF method is combined with smaller illumination angles, as in the case of non Cs-corrected instruments 
or when operating with the objective lens turned off (STEM Lorentz mode), the micro- and mesoscopic structures can 
be analyzed in a large field of view.
In the fields of biological, polymer, or semiconductor materials, it is often necessary to observe fine features inside a 
complex structure. OBF STEM is very effective toward this goal due to its enhanced contrast for both lower and higher 
frequency information.

In an actual experiment, live OBF imaging is fundamental for beam sensitive materials as all operations should be 
performed in a dose limited condition. The live function is included in the OBF system, implemented within the TEM 
control software, with simple GUI control and real time display updates alongside conventional STEM images.

Live OBF Imaging
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*Specifications are subject to change without notice.
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