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ABOUT MASINDE MULIRO UNIVERSITY OF SCIENCE & TECHNOLOGY

• MMUST is a public university,

located in Kakamega town in Western

Kenya, about 400 km North-west

Kenya’s capital Nairobi and 50 km

north of Kisumu city

• In the locality of Kakamega forest- a

tropical rain forest unique of

indigenous trees, avifauna and several

other animals. Also famous of the

“crying stones”
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Learning outcomes for the session

• Become familiar with the SCOUT software.

• Learn how to simulate optical properties of materials from experimental data using SCOUT 
software.

• Learn how to simulate electrical properties of materials from experimental data using SCOUT 
software. 

• Become familiar with the crystallography software and database.

• Be familiar with crystallography database

• Learn how to analyse data from an X-Ray Diffractometer.

• Become familiar with SCAPS software.

• Simulate solar cell paramemeters using SCAPS software.
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Modeling Simulation

Definition

Creating simplified representations or

abstractions of physical systems using

mathematical equations, rules, or

conceptual frameworks.

The process of using a model to compute the

behavior of a system over time or under different

conditions by executing the model on a

computer.

Purpose

Describe, understand, and predict the

behavior of a physical system. Models can

range from simple mathematical equations

(e.g., Newton's laws of motion) to

complex theoretical frameworks (e.g.,

quantum field theory).

Mimic the behavior of a real-world system in a

virtual environment. It allows physicists to study

complex systems, conduct experiments that are

impractical or impossible in reality, and make

predictions.

Examples

Using a mathematical model to describe the

motion of planets in the solar system or the

behavior of particles in a quantum system

Molecular dynamics simulations to study the

behavior of atoms and molecules, computational

fluid dynamics to model airflow around objects,

or cosmological simulations to understand the

evolution of the universe.



6Importance of modeling and simulation in Physics 

1. Understanding Complex Systems

2. Predictive Power

3. Hypothesis Testing

4. Education and Communication

5. Cost and Safety

6. Exploration of New Phenomena

7. Interdisciplinary Applications

The 8th African School of Fundamental 
Physics and Applications, ASP2024.



Software for simulation and modeling

• Scout software

• Crystallography software

• DFT codes

• SCAPS software

7/16/2024
The 8th African School of Fundamental Physics and 

Applications, ASP2024.
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SCOUT Software
SCOUT downloads | WTheiss Hardware and Software

• The goal of optical spectroscopy is :

determination of microscopic quantities such as resonance frequencies of
oscillating atoms,
impurity concentrations
thin film thicknesses from macroscopic experiments.

• This is possible if the microscopic phenomena are coupled to the electric fields of 
the probing radiation (the dielectric function or its square root, the complex 
refractive index - both quantities are more generally called 'optical constants').

7/16/2024
The 8th African School of Fundamental Physics and 

Applications, ASP2024.
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https://wtheiss.com/wordpress/?page_id=138


SCOUT Software

Software, hardware, problem solving for

• Optics Research

• Optical Spectroscopy
• Thin film analysis by spectrum simulation 

techniques

• Material Science • Advanced models for optical constants

• Product Design • Spectral ray-tracing investigations

• Production Control • Direct determination of optical constants

• Realistic modeling of diffuse reflectance 
spectra

7/16/2024
The 8th African School of Fundamental Physics and 

Applications, ASP2024.
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SCOUT Software
Software, hardware, problem solving for

Design Production Control

• Design of thin film systems with 
customized optical properties

• Thin film analysis by automatic 
spectrum simulation

• Architectural and car glass coatings • Online monitoring

• Optimization of coatings for solar 
applications

• Thickness and composition 
determination of thin films

• Design and analysis of optical 
setups by high-level ray-tracing

• Optical inspection networks for large 
coating lines

• Prediction of the optical 
appearance of color prints and 
paints

• OLE automation servers for external 
control (LabView or other high level 
programming languages)

7/16/2024
The 8th African School of Fundamental Physics and 

Applications, ASP2024.
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SCOUT Software

7/16/2024
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Applications, ASP2024.
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SCOUT Software: Required steps for developing 
optical models

7/16/2024
The 8th African School of Fundamental Physics and 

Applications, ASP2024.
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SCOUT Software: Required steps for developing 
optical models
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SCOUT Software: Required steps for developing 
optical models
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SCOUT Software: Required steps for developing 
optical models
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SCOUT Software: Required steps for developing 
optical models
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SCOUT Software: Required steps for developing 
optical models

7/16/2024
The 8th African School of Fundamental Physics and 

Applications, ASP2024.
17



Dielectric permeability
ሻ𝑷 = 𝜀0 𝜀 − 1 𝑬 (1.1

ሻ𝜀 𝜔 = 𝜀1 𝜔 + 𝑖𝜀2 𝜔 (1.2

ሻ𝑁 𝜔 = 𝑛 𝜔 + 𝑖𝑘 𝜔 (1.3

ሻ𝜀 = 𝑁2 (1.4𝑎

ሻ𝜀1 = 𝑛2 − 𝑘2 (1.4𝑏

ሻ𝜀2 = 2𝑛𝑘 (1.4𝑐

ሻ𝜀 = 𝜒𝑉𝐶 + 𝜒𝐹𝐶 +⋯ (1.5

ቇ𝑅 𝜔 =
𝑛 𝜔 − 1 2 + 𝑘2 𝜔

𝑛 𝜔 + 1 2 + 𝑘2 𝜔
(1.6ሻ

ቍ𝑛 𝜔 =
ሻ1 + 𝑅(𝜔

ሻ1 − 𝑅(𝜔
+

ሻ4𝑅(𝜔

1 − 𝑅 𝜔
2 − 𝑘2 (1.7ሻ

𝑷 Polarization

𝑬 Applied E-Field

𝜀0 dielectric constant of free space

𝜀 the complex dielectric function

𝜔 Angular frequency

𝑁 𝜔 Complex refractive index

n the real index of refraction

k the extinction coefficient

𝜒𝑉𝑐, 𝜒𝐹𝐶 susceptibilities of the valence electrons, 

the free carriers

R(ω) the bulk reflection coefficient 

𝑛 𝜔 refractive index

7/16/2024
The 8th African School of Fundamental Physics and 

Applications, ASP2024.
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Determination of optical constants
𝜀 = 𝜀∞ + 𝜒𝑉𝐸 + 𝜒𝐹𝐶 (1.8ሻ

𝜒𝐹𝐶 =
𝜔𝑝
2

𝜔2 + 𝑖𝜔𝛤
(1.9ሻ

𝜒𝑉𝐸 =
𝛺𝑝
2

𝛺𝑇𝑂
2 − 𝜔2 − 𝑖𝜔𝜏(𝜔ሻ

(1.21ሻ

ቇ𝜔𝑝
2 =

𝑛𝑒2

𝑚𝑒𝜀0
(1.20

൱𝜏 𝜔 = 𝛺𝜏𝑒𝑥𝑝 −
1

1 + 𝜎2
𝜔 − 𝛺𝑇𝑂
𝛺𝜏

2

(1.22

𝛤  damping constant for the Drude term.  

TOΩ  resonance frequency,  

pΩ   oscillator strength,  

τΩ  damping constant,  

σ  Gauss–Lorentz-switch constant. 

σ= 0, a Gaussian line shape, σ> 5, Lorentzian line shape 

7/16/2024
The 8th African School of Fundamental Physics and 

Applications, ASP2024.
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Sb2S3 model development

7/16/2024
The 8th African School of Fundamental Physics and 

Applications, ASP2024.
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Sb2S3 model development

In order to reduce the

reflectance in the UV one

needs to introduces 

surface roughness 

(which acts like an anti-

reflection layer at small 

wavelengths).

7/16/2024
The 8th African School of Fundamental Physics and 

Applications, ASP2024.
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Sb2S3 model development

A small shift in the 

interference patterns for R 

and T noticed. Very likely 

the spectra have not been 

measured at exactly the 

same spot on the sample. 

7/16/2024
The 8th African School of Fundamental Physics and 

Applications, ASP2024.
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Sb2S3 model development

Allowing different thickness 

values for R and T gives 

the best solution up to now

7/16/2024
The 8th African School of Fundamental Physics and 

Applications, ASP2024.
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Enhancing your SCOUT work

• Customizing SCOUT for routine spectroscopy using Views and the toolbar

• Inspecting the influence of model parameters on optical spectra

- Parameter variation action

• Working with databases

- Contains materials with pre-defined optical constants and pre-
defined layer stacks. 

• Programming SCOUT by OLE automation

- Create automated reports and batch operations with the Windows
Scripting Host (WSH), MS Word, MS Excel, LabView or any other OLE
automation controller.

7/16/2024
The 8th African School of Fundamental Physics and 

Applications, ASP2024.
25



Software for simulation and modeling

• Scout software

• Crystallography software

• DFT codes

• SCAPS software

7/16/2024
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Applications, ASP2024.
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Crystallography Software

List at least five crystallography software that you are familiar 

with.

7/16/2024
The 8th African School of Fundamental Physics and 

Applications, ASP2024.
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Crystallography Software

List at least five crystallography database that you are familiar 

with.

7/16/2024
The 8th African School of Fundamental Physics and 

Applications, ASP2024.
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Crystallography Software

List at least five crystallography software that you are familiar 

with.

7/16/2024
The 8th African School of Fundamental Physics and 

Applications, ASP2024.
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(IUCr) Crystallographic software list

https://www.iucr.org/resources/other-directories/software


Crystallography Software
List at least five crystallography database that you are familiar 

with.

7/16/2024
The 8th African School of Fundamental Physics and 

Applications, ASP2024.
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https://www.iucr.org/resources/data/databases

https://www.iucr.org/resources/data/databases


31

What is a crystallographic database?

• They usually include:

• Bibliographic data

• Crystallographic, chemical and experimental information

• Atomic coordinates

• What makes a crystallographic data special?

• Standard agreed file format

• Every published structure is added to the appropriate database

• There are established curated databases rather than just collections of data with some level 
of quality control through processing & validation

• They enable you to learn from the wealth of data they contain



32

Structural databases

CSD
>1.1 million organic 
and metal-organic ICDD

Powder 
diffraction files
>1 million organic 

and inorganic

PDB
>175,000

polypeptides, 
nucleotides 

& saccharides

ICSD
>240,000
(no C-H and C-C 

bonds) Elements, 
minerals, 

metals



7/16/2024
The 8th African School of Fundamental Physics and 

Applications, ASP2024.
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Refcodes

What is JEKNOC16?
• A CSD Refcode
• A database reference code
• Containing 6-8 characters
• Used to identify entries in the CSD

Refcode families
• The same substances are assigned the same 6 letter code plus an additional 2 numbers

• Polymorphs
• New determinations or re-refinements of the same substance
• Determinations at different temperatures/pressures

• Stereoisomers or different solvates, co-crystals, etc are assigned different refcode families

CSD Refcode - JEKNOC16

Some of my favourite refcodes are: KITTEN, BATMAN, DISNEY, GAUTAM, GLYCIN ICDD Code: 00-027-1402 Silicon
ICSD Code: ICSD:028767 Uranium Oxide
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Powder data

• Powder CIF dictionary: https://www.iucr.org/resources/cif/dictionaries/cif_pd

DOSXEP

CSD deposition workflow looks for the 
presence of:
• _pd_calc_method
• _pd_block_id
• _pd_phase_block_id
• _pd_proc_ls_prof_wR_expected
• _pd_proc_ls_prof_R_factor
• _pd_proc_ls_prof_wR_factor



WHAT INFORMATION IS IN

A POWDER PATTERN ?

“Total“ scattering = elastic incoherent (diffuse) scattering + elastic coherent (Bragg) scattering 

36
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𝑦𝑐𝑎𝑙𝑐 (2𝜃𝑖ሻ =   𝑆𝑝    𝐹𝑐𝑎𝑙𝑐  (ℎ𝑘𝑙ሻ𝑝  
2
∙ Φ(ℎ𝑘𝑙ሻ𝑝 2𝜃𝑖 − 2𝜃(ℎ𝑘𝑙ሻ𝑝 ∙ 𝐶𝑜𝑟𝑟(ℎ𝑘𝑙ሻ𝑝(2𝜃𝑖ሻ 

(ℎ𝑘𝑙ሻ𝑝

ቍ+ Bkg(2𝜃𝑖ሻ

𝑝

           

Scale factors

Peak intensity Peak position

Peak profile Background

HOW TO MODEL A POWDER PATTERN:

- THE RIETVELD FORMULA -
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𝑦𝑐𝑎𝑙𝑐 (2𝜃𝑖ሻ =   𝑆𝑝    𝐹𝑐𝑎𝑙𝑐  (ℎ𝑘𝑙ሻ𝑝  
2
∙ Φ(ℎ𝑘𝑙ሻ𝑝 2𝜃𝑖 − 2𝜃(ℎ𝑘𝑙ሻ𝑝 ∙ 𝐶𝑜𝑟𝑟(ℎ𝑘𝑙ሻ𝑝(2𝜃𝑖ሻ 

(ℎ𝑘𝑙ሻ𝑝

ቍ+ Bkg(2𝜃𝑖ሻ

𝑝

           

QPA

Crystal structure Unit cell & space group

IRF & microstructure Local order & instrument

THE RIETVELD FORMULA

38
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Methods for QPA with XRPD

 External standard method (Klug equation)

 Methods where mass absorption coeffiecient is known or can be

determined

 [Spiking method]

 Internal standard method

 “Reference Intensity Ratio” (RIR) method

 Generalized, normalized [and with constraints] RIR

 The Rietveld method

 standardless

 with internal standard addition

 with PONKS (Partial Or No Known Crystal Structure)

 Two categories:

 Single peak intensities («traditional methods»)

 Full profile fitting (Rietveld method)

 Absorption-diffraction method
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Some programs for the Rietveld method



Software for Rietveld analysis



FullProf Suite

• The FullProf Suite (for Windows and Linux) is formed by a set of 

crystallographic programs (FullProf, WinPLOTR, EdPCR, GFourier, etc...) 

mainly developed for Rietveld analysis (structure profile refinement) of 

neutron (constant wavelength, time of flight, nuclear and magnetic 

scattering) or X-ray powder diffraction data collected at constant or variable 

step in scattering angle 2theta.

https://www.ill.eu/sites/fullprof/

From: Software available for reitvelde refinement by Peter Tzvetkov



DDM
Derivative Difference Minimization Program

• Program for crystal structure analysis from powder diffraction data by 
making use of either Rietveld or Derivative Difference Minimization (DDM) 
method

• Does not require the background line modeling

• In the DDM method the refinement is aimed not at minimizing the absolute 
difference between the experimental and calculated profiles but at 
minimizing the oscillations (or curvature) of the difference curve.

Maintained by Leonid Solovyov, Institute of Chemistry and Chemical 
Technology, Krasnoyarsk

https://sites.google.com/site/ddmsuite/home

From: Software available for reitvelde refinement by Peter Tzvetkov



From: Software available for reitvelde refinement by Peter Tzvetkov



From: Software available for reitvelde refinement by Peter Tzvetkov



GSAS
The General Structure Analysis System

• GSAS is a comprehensive system for the refinement of structural 
models to both x-ray and neutron diffraction data

• GSAS has been created by Allen C. Larson and Robert B. Von 
Dreele of Los Alamos National Laboratory

• GUI developed by Brian Toby

• Crystallographic analysis

• Quantitative phase determination

• Texture mapping

• Stress-strain measurements

https://subversion.xray.aps.anl.gov/trac/EXPGUI

http://www.aps.anl.gov/Xray_Science_Division/Powder_Diffraction_Cry
stallography/

From: Software available for reitvelde refinement by Peter Tzvetkov



From: Software available for reitvelde refinement by Peter Tzvetkov



GSAS-II

• Open source Python project that addresses all types of 
crystallographic studies

• Include pretty much all the functionality of GSAS

• Extends the capabilities of GSAS and EXPGUI

• Area-detector data calibration

• Powder diffraction indexing

• Structure solution

https://subversion.xray.aps.anl.gov/trac/pyGSAS

https://www1.aps.anl.gov/Science/Scientific-Software/GSASII

From: Software available for reitvelde refinement by Peter Tzvetkov



MAUD
Material Analysis Using Diffraction

• Written in Java can run on Windows, MacOSX, Linux, Unix

• Easy to use, every action is controlled by a GUI

• Ab-initio structure solution integration, from peak finding, indexing to 
solving

• Microstructure analysis (size-strain, anisotropy, planar defects, 
turbostratic disorder and distributions included)

• Texture and residual stress analysis

• Thin film and multilayer aware; film thickness and absorption models

• Works with TEM diffraction images and electron scattering

• Very well documented with video tutorials in YouTube

Maintained by Luca Lutterotti, Università degli Studi di Trento.

From: Software available for reitvelde refinement by Peter Tzvetkov
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• It is a suite of programs covering tasks from raw data display over Rietveld refinement

• Structure completion via Fourier and Grid search methods

• Stress/ strain and crystallite size analysis

• Quantitative phase analysis

• Crystal chemical calculations

Maintained by:

Thomas Messner, Johannes Birkenstock, Reinhard Fischer,

Michael Wendschuh, Christoph Vogt

http://www.brass.uni-bremen.de/

BRASS
Bremen Rietveld Analysis and Structure Suite

From: Software available for reitvelde refinement by Peter Tzvetkov



Last version 2.0 (2006).
From: Software available for reitvelde refinement by Peter Tzvetkov



JANA

• Jana2006 is a crystallographic program focused to solution, 

refinement and interpretation of difficult, especially modulated 

structures

• Built-in charge flipping algorithm

• Commensurate and composite structures

• Transformations for group-subgroup relations and commensurate-

supercell relations

• Magnetic structures

Maintained by: Vaclav Petricek, Michal Dusek, Lukas Palatinus
Development of Jana is continuously supported by Grant Agency of the Czech Republic and Academy 

of Sciences of the Czech Republic. Thanks to this support we can make the program freely 

available to everybody. 

http://jana.fzu.cz/  ; http://www.xrayforum.co.uk/jana 

From: Software available for reitvelde refinement by Peter Tzvetkov
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EXPO2014

http://wwwba.ic.cnr.it/content/expo

From: Software available for reitvelde refinement by Peter Tzvetkov



• Solve crystal structures by powder diffraction data by using 

reciprocal as well as direct space methods

• Indexing, space group determination, estimation of the integrated 

intensities, ab-initio and non ab-initio structure solution

• Rietveld refinement

• The EXPO2014 graphical interface has been optimized and made 

very user friendly

Maintained by Institute of Crystallography, Bari.

http://wwwba.ic.cnr.it/content/expo

EXPO2014

From: Software available for reitvelde refinement by Peter Tzvetkov
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BGMN

• Correction of strong and multiple preferred orientation with spherical harmonics

• Pre-defined models for microstructure related line broadening effects

• Phase analysis of disordered layer silicates/clays

• Calculation of amorphous content by an internal standard method

• Structure interpreter language for free definition of new parameters and constraints between 

parameters

Sep 9 2010 Dr. Joerg Bergmann passed away.

http://www.bgmn.de/

From: Software available for reitvelde refinement by Peter Tzvetkov
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Topas
(DIFFRAC.SUITE Topas)

• Single Line Fitting

• Indexing (LSI and LP-Search methods)

• Whole Powder Pattern Decomposition

• Ab-initio structure determination in direct space from powder and 

single crystal data

• Rietveld structure refinement

• Magnetic structure

Written by Alan Coelho for Bruker-AXS.

http://www.bruker.com/

From: Software available for reitvelde refinement by Peter Tzvetkov
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Topas academic

• Available to degree-granting institutions

• Academic comprises all the functionality of BRUKER-AXS TOPAS 

operating in Launch mode

http://www.topas-academic.net/

John S.O. Evans, Durham University  

https://community.dur.ac.uk/john.evans/topas_academic/topas_main

.htm

From: Software available for reitvelde refinement by Peter Tzvetkov
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X’pert Highscore Plus

• Automated and semi automated Rietveld analysis

• Pawley and Le Bail fits

• Indexing by Dicvol, Treor, Ito and McMaile

• Integrated charge flipping algorithm and electron density display

• www.panalytical.com

From: Software available for reitvelde refinement by Peter Tzvetkov



From: Software available for reitvelde refinement by Peter Tzvetkov



Rietan

http://fujioizumi.verse.jp/download/download_Eng.html

Rietan-GUI

http://physonit.jp/en/services/rietan-gui/

From: Software available for reitvelde refinement by Peter Tzvetkov



SrRietveld

• The program is distributed under the BSD License

• Makes use of the FullProf and GSAS Rietveld refinement engines

http://www.diffpy.org/doc/srrietveld/

From: Software available for reitvelde refinement by Peter Tzvetkov
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Profex

• Profex is a graphical user interface for Rietveld refinement of 

powder X-ray diffraction data with the program BGMN

• Generic support for FullProf.2k as an alternative Rietveld backend to 

BGMN

• Profex runs on Windows, Linux, and Mac OS X

http://profex.doebelin.org/

From: Software available for reitvelde refinement by Peter Tzvetkov
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http://www.rietica.org/index.html

From: Software available for reitvelde refinement by Peter Tzvetkov



Xfit-Koalariet

• http://www.ccp14.ac.uk/tutorial/xfit-95/getxfit.htm

From: Software available for reitvelde refinement by Peter Tzvetkov



DBWS-9807a

• http://www.ccp14.ac.uk/ccp/web-

mirrors/dbws/downloads/young/download_dbws.html

• DBWSTOOL

From: Software available for reitvelde refinement by Peter Tzvetkov



Software for simulation and modeling

• Scout software

• Crystallography software

• DFT codes – Prof. Halima Zaari

• SCAPS software

7/16/2024 The 8th African School of Fundamental 

Physics and Applications, ASP2024.
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SCAPS-1D (Solar Cell Capacitance 

Simulator) 

simulation programme developed at the

Department of Electronics and Information Systems (ELIS) of the 

University of Gent, Belgium.

Alex Niemegeers, Marc Burgelman, Koen Decock, Stefaan Degrave, Johan 

Verschraegen

https://scaps.elis.ugent.be/





OghmaNano (Organic and hybrid Material Nano Simulation 

tool)

https://www.oghma-nano.com/

https://www.oghma-nano.com/

