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ACRONYMS, SYMBOLS & ABREVIATIONS  

 

Cs Spherical aberration coefficient 

Cc Chromatic aberration coefficient 

∆f Defocus of the objective lens 

  

  

 Action to take 

 Pay attention 

 
Click with the mouse 

  

  

UI User Interface 

DM Digital Micrograph 

TIA Tecnai Imaging Analysis 

ZLP Zero Loss Peak 

GIF Gatan Image Filter 

TI True Image 

HAADF High Angle Annular Dark Field 

BF Bright Field 

DF Dark Field 

SNR Signal to Noise Ratio 

AOI Area Of Interest 
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 : INTRODUCTION CHAPTER 1

A significant effort has been invested during the last few decades in developing new methods to 
allow quantitative analysis of HRTEM images (i.e. determination of the positions of atoms). One 
approach, which has been extensively used by Mobüs et al. [1], for the study of interfaces [2], is based 
on iterative digital image matching (IDIM) of various model structures by comparison of the 
experimental image contrast to that obtained from multi-slice image calculations [3,4]. 

This new software program is based on the same concept as IDIM. So far, most programs which use 
the IDIM approach and implement the image matching in a fully automated process frequently fail 
and produce incorrect results. The main reason for the failure of these algorithms is that the fully 
automated iterative matching process frequently gets trapped in a local optimum instead of locating 
the true global optimum. 

The new approach which was implemented in HREM-DIMA combines an interactive matching process, 
which is done by the user controlling the very intuitive graphical user interface (GUI), and a fully 
quantitative process of comparison between the experimental and simulated micrographs. Fully 
quantitative results which can be obtained by this approach, allow to determine very precisely the 
exact conditions at which the experimental data was acquired and ultimately the positions of the 
projected atomic columns in the specimen. 

This software was developed using MATLAB (Mathworks Inc.) and is available as a standalone 
application for both Windows (tested under windows XP & windows 7) and Linux (tested under 
Ubuntu 10.10). The simulated micrographs are generated using the EMS software developed by P.A. 
Stadelmann [3Error! Bookmark not defined.]. 

This software, which is under development, allows extracting quantitative information from single 
experimental HRTEM micrographs. 

This HRTEM quantitative image matching approach is very useful in the following cases: 

• When only a single image is available (for example when large specimen drift is present). 
• To determine the exact acquisition parameters at which a specific micrograph was acquired 

(for example when working in negative Cs imaging conditions [5]). 
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 : THEORETICAL BACKGROUND CHAPTER 2
 

2.1. Image Formation in The HRTEM (Phase Contrast) 
 

Understanding interface microstructure and chemistry requires specialized characterization 
techniques. Modern interface microstructural analysis relies heavily on HRTEM, where the symmetry 
and periodicity of the interference pattern in the image plane always reflects the symmetry and 
periodicity of the crystal lattice in the focal-plane of the specimen. However, the intensity variations 
and contrast observed in the interference pattern depend sensitively on the crystal structure (i.e. the 
periodic potential induced by the atoms which interacts with the electron wave traveling through it) 
and sample thickness, as well as on the contrast transfer function (CTF) of the microscope [6,7]. The 
CTF, which represents the influence of the imaging system optics on the final contrast obtained at the 
image plane (i.e. screen, negative or CCD) is a convolution of the phase distortion function (χ) with the 
envelope functions related to the temporal coherence (E∆) and spatial coherence (Es):  
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These functions depend on the accelerating voltage (or wavelength of the electron beam - λ), the 
defocus value of the objective lens (∆f) and the spherical aberration coefficient of the objective lens 
(Cs). The final contrast obtained in the image plane is a convolution of the CTF with the electron wave 
which traveled through the specimen, as illustrated in Figure 1.      
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Figure 1: Illustration of the process of image formation in the HRTEM. ( )r  represents the 
electron wave function in real space and ( )k  in the reciprocal space. The CTF (defined here 
in the reciprocal space notation) describes the imaging system. The final image obtained in the 
image plane is a convolution of the electron wave function and the CTF (in real space).   

 

2.2. Imaging Artefacts 
 

The main problem with direct HRTEM investigations is that the imaging conditions can have a 
significant influence on the contrast in the image, and may lead to inaccurate conclusions. 
Consequently, in any attempt to analyze the contrast from HRTEM images, one should take into 
account all the physical parameters (such as thickness) of the specimen and the imaging conditions 
(such as objective lens defocus, beam convergence, astigmatism and image delocalization) that may 
influence the contrast in the image. For HRTEM studies of interfaces between crystals and amorphous 
phases [8,9], such as solid-liquid interfaces, these issues become even more acute. 

2.3.  The Delocalization Effect 
 

For interfaces in general and solid-liquid interfaces in particular, the problem of image delocalization 
is the most significant artifact. Image delocalization means that contrast resulting from objects in the 
specimen are displaced from their true locations in the image [10]. This is a serious problem for the 
interpretation of HRTEM images of solid-liquid interfaces, and must be addressed before trying to 
extract quantitative information from interfaces. For example, if one looks at an intensity line-scan 
across a simulated HRTEM image of an alumina-vacuum interface (see Figure 2) calculated using the 
multi-slice method [11], contrast perturbations can be observed in the vacuum which are caused by 
the delocalization effect.    
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Figure 2: Simulated micrographs of an interface between a crystal (sapphire) and 
vacuum, which demonstrates the delocalization effect. Contrast perturbations are 
observed in the vacuum. These perturbations are caused by the delocalization effect 
and are definitely not caused by the presence of atoms, which are indicated in (a) by 
red (oxygen) and blue (aluminum) circles. The intensity line-scan in (b) shows that the 
contrast perturbations due to delocalization extend to significant distances from the 
interface. 

 

Another detail which has to be tackled in this context is the interface geometry. Due to the nature of 
image formation in HRTEM, which is a 2-D projection of a 3-D atomic structure, to characterize 
atomistic ordering at the interface between a solid and a liquid the interface must be edge-on, i.e. 
parallel to the incident electron beam direction, and flat (no steps nor inclinations). The later problem 
is easier to rule out with the help of image simulations. 

2.4. Quantitative HRTEM 
 

A significant effort has been invested during the last few decades in developing new methods to 
overcome the imaging artifacts in the HRTEM, in order to allow quantitative analysis of the images 
(i.e. determination of the positions of atoms). Two basic methods have been developed to deal with 
such types of image artifacts. 

2.4.1.  Iterative Digital Image Matching  
 

One approach, named the iterative digital image matching (IDIM) method, is based on iterative 
matching of various model structures by comparison of the experimental image contrast to that 
obtained from multi-slice image calculations [11]. 
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Figure 3: A schematic representation of the IDIM approach. 
 

This method has been extensively used for the study of interfaces [12- 18]. To implement this method 
successfully, a general atomistic structure (or model) must be assumed as an initial starting point and 
all the significant aberrations and the atomistic structures must be refined iteratively in order to 
reliably reproduce the experimental contrast. This method is applied on a routine basis for the 
analysis of HRTEM micrographs and was implemented successfully for the study of bulk materials and 
interfaces [19,20]. Of course for solid-liquid interfaces, time-averaged simulated images must be 
calculated from multiple snap-shots of the time-averaged atomistic models. This is an important and 
time-consuming issue for quantitative HRTEM analysis of solid-liquid interfaces. 
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 : INSTALLATION CHAPTER 3
 

3.1. Download The Software 
 

(1) Download HREM-DIMA-setup.exe and MCRInstaller.exe (needed before 1st installation) from - 
http://tx.technion.ac.il/~mtyaron/HREM-DIMA.html. 

(2) If this is your 1st time installation, follow the instructions in sections  3.2- 3.4. 

(3) If just upgrading to a newer version follow the instructions in section  3.5. 
 

3.2. 1st Time Installation 
 

(1) Install the MCRInstaller (i.e. MATLAB Compiler Runtime). 

(2) Copy HREM_DIMA_setup.exe into a new folder double click on it  a group of files will be extracted into 
that folder (for explanation of each file see appendix  I). 

(3) Unzip ems.zip to c:/ems and follow the system settings to install EMS on your Win7 (see section  3.3) or 
WinXP (see section  3.4). 

 

3.3. Setup DOS Version of EMS in Win7  
 

(1) Control panel  System  Advaned system settings   Environment Variables: 

 
 

  

 

http://tx.technion.ac.il/~mtyaron/files/HREM-DIMA/HREM_DIMA_setup.exe
http://tx.technion.ac.il/~mtyaron/files/HREM-DIMA/MCRInstaller.exe
http://tx.technion.ac.il/~mtyaron/HREM-DIMA.html
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(2) - Add new System variables as follows: 

  

  

Variable name Variable value  
EMS c:/ems/  
EMS_XVIEWER C:\Progra~1\IrfanView\i_view32.exe  
Path c:\ems\bin; For this one use Edit.. 
PS_PREVIEWER C:\Progra~1\Aladdin\Ghostgum\gsview\gsview32.exe  
PS_TITLE_1 my_title_1  
PS_TITLE_2 my_title_2  

 

(3) Restart the computer. 

 

3.4. Setup DOS Version of EMS in WinXP  
 

(1) Add to the file c:\autoexec.bat  the following lines: 

PATH=c:\ems\bin;%PATH% 

SET EMS=c:/ems/ 

SET PS_TITLE_1=my_title_1 

SET PS_TITLE_2=my_title_2 

SET PS_PREVIEWER=C:\Progra~1\Aladdin\Ghostgum\gsview\gsview32.exe 

SET EMS_XVIEWER=C:\Progra~1\IrfanView\i_view32.ex 

(2) Add to the file c:\config.sys the following line: 

shell=c:\windows\command.com /e:4096/p 

(3) Restart the computer. 
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3.5. Upgrade To Newer Version 
 

(1) Extract the files from HREM_DIMA_setup.exe to the same folder where you had your previous version. 

 

 : OPERATING THE SOFTWARE CHAPTER 4
 

4.1. Preparing The Experimental Micrograph  
 
• Before loading an experimental micrograph in DM3 or TIF format change the size of the micrograph to 

512x512 pixels. This can be done by resizing the micrograph or cropping a part of it using 
DigitalMicrograph. 
 

4.2. Starting HREM-DIMA 
 
• Double click on the file HREM-DIMA.exe The "Pick and .dm3 file" will appear (see figure below)  

choose the .dm3 file with the experimental micrograph prepared in section  4.1. 
 

 
 

4.3. Defining The Simulated Crystal Structure 
 
• There are two ways to define the crystal structure of the simulated micrograph: 

1. Using the GS.txt file - one can change the values in the GS.txt file which is in the same folder as 
HREM-DIMA.exe (The details of the structure of the text file are in appendix  II). After updating the 
text file, by clicking on with the mouse (as shown below) the data from text file (crystal 
system, lattice parameters, space group and the generating sites) will appear in the GUI. 
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2. Using the GUI – one may change the values of the crystal system, lattice parameters, space group 
and the generating sites in the GUI. The previous option is more practical if one intends to use the 
same structure repeatedly. 

 

 
 

4.4. Image Alignment 
 
1. ... 
 

4.5. Microscope Imaging Conditions 
 
1. ... 
 

4.6. Microscope Aberrations 
 
1. ... 
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4.7. Atomic Vibrations 
 
1. ... 
 

 
 

4.8. Generating a Defocus-Thickness Map 
 

(1) To define the Defocus-Thickness range folow the steps: 

a) Enter the starting value of the defocus (negative for underfocus) in [nm]. 
b) Enter the number of defocus steps (usualy a odd number). 
c) Enter the defocus step (i.e. interval). 
d)  Enter the starting value of the thickness (minimum 1) in unit cells. 
e) Enter the number of thickness values. 
f) Enter the thickness step (i.e. interval – usualy 1). 

(2) To generate the Defocus-Thickness map click with the mouse on the yellow area (see figure below): 

 

(3) An example of a defocus-thickness map can be seen here: 

 
 

4.9. Generating a XXC Matching Score Map 
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(1) Follow the steps in section  4.8 to determine the defocus and thickness range. 

(2) Click with the mouse on the "XXC matching score" rectangle (colored red or green – see figure below). 

 
(3) An example of a XXC Matching Score map can be seen here: 

 
 

4.10. Generating The Final Output Image 
 
1. After reaching the best match one can generate the final output image by clicking with the mouse on the 

black frame around the experimental image' as shown in the figure below: 
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APPENDIX 
 

I. List of files in the installation folder 

• big.dm3       -  an example of an original experimental    
         micrograph acquired using DigitalMicrogtraph. 

• big.tif        -  an example of an experimental micrograph saved 
         in TIF format. 

• ems.zip       -  zip files containing the full installation of EMS. 
• GS.txt       -  contains the crystal structure and generating sites 

         to build the simulated model. For detailed   
         explanation see Appendix  II. 

• GS_alumina.txt    -  an example of a GS.txt file for Al2O3. 
• GS_GaSb.txt     -  an example of a GS.txt file for GaSb. 
• HREM-DIMA.log     -  a log file containing the different values of the UI  

         parameters from the last session. 
• HREM-DIMA_default.log   -  a log file containing the default values of the UI  

         parameters. 
• HREM_DIMA.exe     -  The executable file for running HREM-DIMA. 
• readme.txt 
• HREM-DIMA manual.pdf   -  PDF file of this manual. 

 

II. Specification of The GS.txt File 

 

type , x , y , Z , DW , occupancy 
Description the two lines 

bellow 
Al , 0.0 , 0.0 , 0.3518 , 0.003 , 1.0 1st type of atom 
O , 0.6818 , 0.0 , 0.25 , 0.003 , 1.0 2nd type of atom 

crystal_system ,  ,  ,  ,  , 5 

1 =Triclinic  
2 = Monoclinic  

3 = Orthorhombic  
4 = Tetragonal  

5 =Trigonal  
6 =Hexagonal  

7 = Cubic 
lattice_parameter a ,  ,  ,  ,  , 0.4755 Lattice parameter a in [nm] 
lattice_parameter b ,  ,  ,  ,  , 0.4755 Lattice parameter b in [nm] 
lattice_parameter c ,  ,  ,  ,  , 1.2991 Lattice parameter c in [nm] 
lattice_parameter α ,  ,  ,  ,  , 90 α in degrees 
lattice_parameter β ,  ,  ,  ,  , 90 β in degrees 
lattice_parameter γ ,  ,  ,  ,  , 120 γ in degrees 
space_group ,  ,  ,  ,  , 167 Space group number 
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