General Description, Principles of T-SEM Detection

We have developed a new T-SEM-UNIT, which can be accommodated on every conventional SEM specimen table. The T-SEM signal is detected with the normal chamber SE detector. Previous detectors were not able to deliver TV-rate images and the aperture was fixed . Our T-SEM-UNIT contains a motorized diaphragm holder, which allows the aperture size to be changed and also offers the ability to work in the dark field mode. Specific angle segments can be selected by using different dark field apertures. This offers an avenue of new applications in the SEM, providing greatly improved contrast and resolution. In general the advantages of the T-SEM mode in the SEM are:

· higher cross sections due to the lower accelerating voltages in comparison with TEM

· chromatic aberration introduced by the lens system below the sample is avoided (top bottom effect)

· the resolution is improved by the decrease of multiple scattering effects due to the increase in the specimen thickness and to the decrease of the intersection of the diffusion cloud

· a drastic improvement in resolution for analytical investigations using EDX, due to the reduction of the interaction volume from the µm to the nm range
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The figure shows a schematic drawing of the basic principle of the T-SEM UNIT consisting of:

· a cylindrical shield, which prevents electrons leaving the upper side of the specimen reaching the chamber ETD

· a specimen holder designed to host conventional TEM grids

· an electron trap preventing large angle scattered electrons reaching the ETD 

· a diaphragm holder adjustable relative to the specimen holder determining the aperture for the bright field mode or the angle segment using the dark field mode 

· a conversion detector transforming transmitted electrons into secondary electrons, which can be afterwards detected by a conventional chamber secondary electron detector

Multi specimen dark & bright field 

T-SEM UNIT
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To improve the efficiency and allow flexible multi functional use the T-SEM Unit shown above consist of:

· a carrousel type rotate specimen holder, which can be loaded with up to 10 specimens 

· a diaphragm plate, which can contain 12 different diaphragms to enable the flexible selection of the aperture in the bright field mode as well as the selection of different angle segments in the dark field mode

· an external electronic device, which allows the change and alignment of the selected diaphragm

Background:

Electron microscopy is divided into two main fields ; SEM (Scanning Electron Microscopy) ; and TEM (Transmission Electron Microscopy). The bridge between both techniques is STEM (Scanning Transmission Electron Microscopy) used in  TEM or the newly introduced T-SEM used in SEM. 
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In transmission electron microscopy (TEM), with electron energies between 50 keV und 1 MeV, scattering contrast is produced by a narrow cone of transmitted electrons scattered through small angles and limited by the objective diaphragm. For contrast enhancement, the electron energy has to be reduced and/or the sections has to be stained with heavy metal compounds. Low-voltage TEM (LVTEM ) is limited by the strong decrease in transmission and with decreasing energy by the chromatic aberration due to more frequent energy losses. An alternative is low-voltage transmission scanning electron microscopy T-SEM with electron energies between 1 and 30 keV. The transmission mode of SEM has the advantage of avoiding chromatic aberration and the aperture can be increased to obtain a higher transmission and an improved signal to noise ratio.

In principle in SEM the attainable resolution is limited by the increase of the probe size and the information volume due to multiple scattering effects. For the detection of secondary electrons the production of SE2 electrons excited by backscattered electrons leaving the sample limits the attainable resolution. These SE2 electrons cannot be separated from the SE1 electrons produced directly in the interaction volume of the incident electron beam. Detecting BSE (backscattered electrons) the resolution is limited by the large interaction volume, information depth and intersection of the diffusion cloud( see Figure a) below). Investigating a free supporting film in the T-SEM mode the resolution is limited by the probe size and the top-bottom effect, the increase of the probe size during the travel through the sample see Figure b) below.
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Basic Aspects of T-SEM

The newly introduced T-SEM application is based on a SEM, which is additionally equipped with a detection unit for transmitted electrons. This enables the investigation of conventional TEM specimens. Both image contrast and resolution are improved due to the lower accelerating voltages, which increase the cross sections and reduce the interaction volume of the incident electron beam. Additionally a flexible selection of the detected angle segment offers the opportunity on the one hand to tune the contrast and on the other hand to use a dark field mode, where only scattered or diffracted electrons contribute to the image contrast. For a successful application of this new technology the availability of  TV-mode is essential to avoid artefacts produced by the increased sensitivity to contamination effects. This new technology is applicable to every SEM and will open avenues of applications in the field of semiconductor tools, material and life sciences.

The advantages of the T-SEM investigation can be impressively demonstrated by the investigation of a test sample. 
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The figure above show the investigation of small Indium cluster on a formvar film with a polystyrene sphere above. This test structure can be investigated with the indium cluster above the polystyrene sphere (top object ) or below (bottom object). The best results, sharpness of the indium cluster can be obtained using the top object and the T-SEM mode (F  a). Due to the parallel illumination in TEM the best object is the bottom object, but the resolution of the indium cluster is limited by the chromatic aberration of the post specimen objective lens. Therefore for TEM investigations thin sections and increased accelerating voltages are necessary to improve the attainable resolution c),d).

Bright- and dark-field mode

The T-SEM application enables two different imaging modes as known from TEM bright- and dark-field imaging. Bright field imaging means detecting the transmitted electrons and dark field imaging detecting the diffracted or scattered electrons. The available angle segment for the bright and dark field signal is dependent on the selected objective aperture and the working distance. 

Dependence of the bright field collection angle ( on the working

distance and objective aperture
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To allow a serious correlation between image contrast and the investigated specimen structure and to optimise the image contrast it is essential to separate precisely the bright- and dark field signal. This can be realised using a variable post specimen aperture. Additionally detecting the bright field signal the image contrast can be tuned by changing the aperture size. The available contrast for amorphous samples can be described by the Rutherford equation and is dependent on the atomic number Z, the energy of the incident electron beam E and the collection angle. The collection angle is dedicated by the post specimen aperture and limits the range of scattered electrons (, which can contribute to the detected intensity.
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For crystalline samples the incident electron beam is diffracted by the lattice planes, where the diffraction angle can be described by the Bragg condition:
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The detection of circular dark field segments enables different crystal orientation (3, (2, (1 of the investigated sample to be distinguished.

Application examples:

Semiconductor technology
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Figure 1. Images of a semiconductor device. (a) T-SEM image in the brightfield mode, (b) conventional SEM image recorded with the Inlens detector of a Gemini, (c) TEM image (element map, blue oxygen and small red line nitrogen distribution ; the sample and image (c) by courtesy of E. Zellmann LEO Electron microscopy group). 
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 Life Science
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Figure 4 shows the application of the T-SEM Unit in life science. The investigated object was a kidney cell.
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Figure 2. a), b) T-SEM  Z–contrast improvement. Images of a semiconductor device in T-SEM brightfield mode. Clearly visible the different layers of the semiconductor structure.
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n = Integer, order of reflection


( = wavelength of the incident electron beam


d = lattice distance


(B = angle of incidence,Bragg angle between the lattice plane and the incident electron beam





Bragg condition:   
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Z  = atomic number


E  = Energy of the incident electron


(  = scattering angle  


N  = Number of scattered electrons 





Rutherford-Streuquerschnitt:
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Figure 3.  CdSe particles imaged in a SEM. (a) conventional SEM image, recorded with the Inlens detector of a Gemini, (b) T-SEM image in the bright-field mode (c) T-SEM image in the dark-field mode (d) magnified cut out of the image (b) demonstrating the excellent resolution and contrast enhancement by using T-SEM bright-field imaging. (Sample by courtesy of Prof. Dr. H. Weller)
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