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In this presentation we will show how off-axis electron holography and diffraction based techniques can be 
used in a semiconductor research environment to provide useful information about dopant potentials [1] 
and strain fields [2] with nm-scale resolution. We will compare results acquired by off-axis electron 
holography with other TEM-based techniques such as differential phase contrast (DPC) imaging for dopant 
mapping and precession diffraction for strain mapping [3]. Figure 1(a) shows a potential map of a pMOS 
device that has been acquired by off-axis electron holography. Although the measurement of the carrier 
concentration is complicated due to artefacts with specimen preparation and charging under the electron 
beam, the position of the electrical junction can be measured. Figure 1(b) shows a field map acquired by 
DPC. Here a segmented detector has been used to determine the tilt on a convergent beam as it passes 
through the doped specimen. Here the electrical junctions can be measured. In this presentation we will 
discuss the advantages and disadvantages of using these different techniques on different types of 
semiconductor specimens such as silicon CMOS devices and IIIV materials for light emission.  
 
Deformation is also a key parameter used to improve device performance. Figure 1(c) shows a STEM image 
of a SiGe recessed source and drain device. Dark field electron holography has been performed on the 
device and deformation maps for the (d) inplane, εx and (e) growth, εy directions can be seen. These 
experimental results can be compared to those obtained using precession electron diffraction shown in 
Figure 1(f) and 1(g) which shows deformation maps for the εx and εy directions respectively. 

 

 
 
Figure 1. (a) Potential map of a pMOS device acquired by off-axis electron holography. (b) Field map of 
the same device acquired by DPC. (c) STEM image of a SiGe/Si device. (d) and (e) show εx and εy maps 
acquired by dark field electron holography. (f) and (g) show maps of the same device acquired using 
precession diffraction. 

 
We will also present results obtained by switching a resistive memory device in-situ in the TEM. Different 

types of SrTiO3 devices have been electrically connected using a Nanofactory specimen holder where a 

movable probe is used to apply a voltage to the electrode. The device is then examined by combinations of 

STEM, electron energy loss spectroscopy (EELS) and holography to demonstrate that it is the movement 

of oxygen vacancies that leads to changes in the electrical conductivity from a high resistive (HRS) state 

and a low resisitive state (LRS). Figure 2 shows a summary of an experiment where a resistive device has 

been switched and the movement of oxygen vacancies mapped with 1 nm spatial resolution by comparing 

the changes in the Ti L3 eg and 2tg edges which correspond to changes in the Ti – O bonds [4]. We will 

discuss the experimental procedure and prospects for routine in-situ biasing experiments in the TEM. 
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Figure 2.(a)  Shows schematic of specimen examine and VI characteristics during forming.  (b) and (c) 

HAADF STEM images of the Sr:STO active layer before and after forming. (d) and (e) Ti EELS spectra 

acquire across region of interest for the device in a LRS and HRS showing changes in the L3 eg and t2g 

peaks across the active layer. (f) and (g) maps showing the shift of the L3 2tg peak for devices in a LRS 

and HRS state respectively. 

 
These experiments have been performed on the platforme nanocharacterisation (PFNC) at Minatec. We 
thank the European Research Council for funding Stg:305535 “Holoview”. 
 

 

References:  

 
1. Rau et al. Two dimensional mapping of the electrostatic potential in transistors by electron 

holography, Phys Rev Lett. 82 2614 (1999). 
2. Hytch et al. Nanoscale holographic interferometry for strain measurements in electronic devices 

Nature 453 1086 (2008). 
3. Cooper et al. Combining 2 nm spatial resolution and 0.02 % precision for deformation mapping of 

semicondictor specimens in a transmission electron microscope by precession electron diffraction. 
Nano Letters 15 5289 (2015). 

4. Cooper et al. In Press Advanced Materials (2017). 
 

 

 

  




