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DEVELOPMENT OF LASSIM SOFTWARE
PROTOTYPE FOR SIMULATING PHYSICAL
CHARACTERISTICS OF LASER DEVICES

Snezhana Gocheva-llieva, Chavdar Kulin

Abstract. This paper presents a software prototype LasSaweldped for
numerical modeling and computer simulation of pbabkiprocesses in gas
discharge, encountered in various laser systemsshaige devices, electron-ion
devices. The prototype is designed on .NET FramewWPF and C#
technologies and gives the opportunities for itisgaland managing the model
simulation processes.
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1. Introduction

The motivation of development and application ahwdation software in
physics and engineering is determined by a sigmificeduce in price and time with
respect to experiments, opportunity to direct aagleénvestigation and prediction of
the studied process behavior, evaluating the inflteeof parameters and initial
conditions, estimating the performance of compasedevices or complex systems.
Many software tools and systems were created ientegears, both open and
commercial source.

A brief survey of the existing ones shows a largeiety of approaches,
modeling methods and applied computer technologikere are used common and
specialized simulation environments and languagesnbdeling and simulation of
large number of practical and educational proble®se of the more popular is
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Modelica (with CATIA Systems, LMS AMESim, MathModeh simulation
environments) [1], a package and object-orientedattogn based language to
conveniently model physical systems with mechanicakctrical, electronic,
thermal, control, electric power subcomponents, e€OMSOL Multiphysics
(FEMLAB) [2] is an example of complex simulationvdasoftware, based on finite
element analysis for various physics and engingedpplications, including a
specific Plasma model, which is applicable in l@mnperature plasmas and laser
physics. Another important environment with praaitiand educational use is the
open project Open Source Physics [3, 4], whichvalléo develop and implement
the reusable libraries for numerical simulationgpported by Easy Java Simulations
graphical environment that generates automaticalties based on these libraries.

Besides the upper described common physical saffwernumber of more
specialized packages in the area of laser simulaitd modeling are developed.
The Astrokettle Algorithms [5] has a tool based the Boltzmann equation for
calculation of the electron energy distributiondtion and collision rate coefficients
in the gas-discharge or electron beam formed plagmdar arbitrary non-stationary
conditions. Also a plasma-chemical kinetics simiafain KrF* excimer pulse laser,
realized on the simultaneous solution of over 3@@lzraic-differential equations is
available. Laser software LASCAD [6] provides selezffective simulation tools
for laser cavity analysis and design of solid-stgpe lasers, based on finite element
analysis and other simulation techniques. For otésgr software see for instance
[7-13].

In this paper we present a software prototype lras8esigned for simulation
of physical processes in gas discharge, encountergaime types of gas lasers, gas
laser and plasma-ion devices. The prototype isizeshl for equation-based
simulation by using analytical and numerical modefsthe characteristics of
different laser devices, developed in LaboratoryMeftal vapor lasers, Institute of
Solid State Physics, Bulgarian Academy of Sciences.

2. Determining functionalities and LasSim common structure

LasSim is realized as Windows application presgnin open program model
and environment for registration and running awd@asimulation modules (coded
algorithms). Modules are console applications tzat be written independently by
using Microsoft Visual Studio or other appropriateftware. They could be
reusable, created by the user or of other kind. gimulation module can perform
given model simulation, by using its correspondingut files and generates the
output results files.

Figure 1 shows the Use Case UML diagram for thennfanctionality of
LasSim.
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Figure 1. Use Case diagram for LasSim.

47



Snezhana Gocheva-llieva, Chavdar Kulin

Any simulation model can use the input or outplgsfifrom other simulation,
by defining the latest as parameters during théstregion and adjustment setup
when necessary. A common Command file is usedue s& information about all
registered simulation models and its parameters.

LasSim model

LasSim model
input files

l

Output text
files

A 4

LasSim

T

Output .gr file

Command file

A

A\ 4

Runtime
output

Parameters
files from other
models

Figure 2. Common structure of LasSim interopergbili

The output files can be of the following three typeext files with arbitrary

structure, *.gr files to be visualized and commenttRuntime output, which is
realized as a common window to show running timeam§ simulation and error
messages from the operating system when they o€bhercommon interoperability

between the different type of applications andflf€s is shown in Figure 2.
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3. Used technologies and model applications

In order to develop a flexible and extendable safevsystem with an open
programming model and easy to manage processeshose @ new generation
Microsoft .NET Framework 4., Windows Presentatioroufdation (WPF)
technologies. Also C#, Microsoft Visual Studio 8/ffan, Visual Studio 2010 and
some web applications are used. However there israstriction about the
programming languages for creation of model apptoa.

The .NET Framework 4. [15] operates as Common LaggWRuntime (CLR)
providing an abstraction layer over the operatiggteam. It includes a Base Class
Libraries — pre-built code for common low-level gramming tasks. These
capabilities allow application of development framoeks and technologies —
reusable, customizable solutions for larger prognarg tasks. The applications are
compiled to the platform-independent language edallIL (Common Intermediate
Language). During the execution process the Clledechutomatically compiled by
CLR for current hardware platform and user opegatipstem. The key features of
.NET Framework version 4 are: platform independenarguage independence,
improved security, interoperability, etc.

The WPF is component of Microsoft .NET Frameworkadhjch supports Ul,
media, documents, hardware acceleration, vectquhigs, scalability to different
form factors, interactive data visualization, angberior content readability. More
about WPF can be found at [16].

Over 15 models are implemented in LasSim prototypiware. The model
applications are as follows (see also Figure 1udign-based model for numerical
simulation of the steady-state potential and iritgref the electric field in Helium-
cadmium laser device; model for numerical simulaid the electric field intensity
in time and space in the longitudinal section of #topper bromide laser; gas
temperature models in the cross-section of the kagee, based on analytic models
for copper bromide laser, deep ultraviolet copp@mntide laser and atomic helium
strontium bromide laser; model for simulating thebdity of the argon radio-
frequency discharge (breakdown conditions), etc.

The simulation models are realized in accordandh thie theoretical results,
main of them are published in [16-21].

4. LasSim functionalities

The main functionalities of the prototype are (ak® Figure 1):
e Running the integrated models for different simolas; controlling the
running time of the processor, obtaining the emessages when available
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e Installing and removing model applications to tles&im environment; this
procedures require also the installation of theessary input files,
including results from other models

o Possibility of post-processing and using the rasuitom previous
simulations in a new simulation model

e 2D visualisation of the input or output file. Anaarple is given in Figure 3.

o Possibility of repeatedly execution of a given mode

e Saving the results of the simulation as a *.zip [#2], printing, etc.

e Using a Help system with an User's Guide and teoftsthe authors
publications in Bulgarian and English.

MainWindow

File fAannu Mogen Hacrpodikn [lomow [MaptHeopu

mapl00.exe leHepupane Ha mpexa 3a HeCd nasep

Cl=][+ -
Ourecallgr | OUkear
i.

h

Figure 3. Graphical representation of electriaffi@tensity in the center of
the CuBr laser at different delays in time, obtdibg the LasSim prototype.

5. Conclusion

The developed LasSim prototype is an initial wogkirersion of the conceived
software for simulating various laser devicesslexpected to be of big interest for
modeling existing and designing and predictiontedracteristics of future devices.

50



Development of LaSim Software Prototype for Simulgt..

6. Acknowledgements

This work is supported by the NSF of the BulgarMmistry of Education,

Youth and Science, Project VU-MI-205/2006.

(1]
(2]

(3]

(4]
(5]
(6]
[7]
(8]
9]
(10]
[11]

[12]
[13]
[14]
[15]

(16]

(17]

References

Modelica and Modelica environmentgtp://www.modelica.org/

COMSOL Multiphysics Finite Element Analysis Softwa(FEMLAB):
http://www.comsol.com/

Christian W., Open Source Physics: A User's Guidith vExamples,
Addison-Wesley, 2006.

Open Source Physics environmeritp://www.compadre.org/osp/
Astrokettle Algorithms, DISTREL, DEGREL, NIKIN sintation software,
www.astrokettle.com

LASCAD, Laser Cavity Analisys and Desigmyww.las-cad.com

SIGLO Series simulation softwarettp://www.siglo-kinema.com
SILVACO, LASER simulation softwareyww.silvaco.com

WinLase, Laser Design and Gaussian Beam Propagatan.winlase.com
Plasimo simulation softwaréttp://plasimo.phys.tue.nl

Malinova A., V. Yordanov, J. van Dijk, Leveragingxigting plasma
simulation codes, International Book Series "Infation Science &
Computing", Number 5, pp.136-142, Supplement tditernational Journal
"Information Technologies & Knowledge", Volume 208

Malinova A., Design approaches to wrapping nategaty codes, Scientific
works, Plovdiv University, vol. 36, book 3 — Mathatics, pp. 89-100, 2009.
Malinova A., Software system for simulation of metapor lasers, Abstract
of PhD thesis, Plovdiv University, 2009.

.NET Framework Developer Centerhttp://msdn.microsoft.com/en-
us/netframework/default.aspx

Windows Presentation Foundation (WPHttp://www.wpftutorial.net/
WPFIntroduction.html

Gocheva-llieva S.G., I. P. lliev, Mathematical miiaig of the electric field
in copper bromide laser, Proceedings of Int. CoffNumerical Analysis
and Applied Mathematics, ICNAAM 2007, September206-2007, Corfu,
Greece, Conference Proceedings of American Instib@itPhysics (AIP), T.
E. Simos, G. Psihoyios and Ch. Tsitouras (Eds.)in§er, New York, vol.
CP936, pp. 527-530, 2007.

lliev I.P., S. G. Gocheva-llieva, N. V. SabotinoAnalytic study of the
temperature profile in a copper bromide laser, QuarElectron., vol. 38, N
4, pp. 338-342, 2008.

51



Snezhana Gocheva-llieva, Chavdar Kulin

[18] lliev I.P., S.G.Gocheva-llieva, N.V.Sabotinov, Amproved model of gas
temperature in a copper vapour laser, Quantum iele¢tvol. 39, N 5, pp.
425-430, 2009.

[19] lliev I.P., S.G. Gocheva-llieva, K.A. Temelkov, N.Kuchkov and N.V.,
Sabotinov, Modeling of the radial heat flow and loog processes in a deep
ultraviolet Cu+ Ne-CuBr laser, Math. Probl. Engheory, Methods and
Applications, Hindawi Publishing Corporation, Nevork, NY, Vol. 2009,
Article ID 582732, 17 pages.

[20] lliev I. P., S. G. Gocheva-llieva, N. V. SabotindModelling of radio-
frequency breakdown in argon, J Optoelectron Adwdvjavol.11, ISS.10,
pp. 1392-1395, 2009.

[21] lliev I.P., S.G. Gocheva-llieva, K.A. Temelkov, N.K/uchkov and N.V.
Sabotinov, Analytical model of temperature profibe a He-SrBr2 laser, J
Optoelectron Adv Mater, vol.11, ISS.11, pp. 1736742, 2009.

[22] http://dotnetzip.codeplex.com/

Received 15 June 2010

Snezhana Gocheva-llieva Chavdar Kulin

Faculty of Mathematics and Informatics Sirma Bussines Consulting
University of Plovdiv 48 Blvd Iztochen

236 Bulgaria Blvd., Plovdiv, Bulgaria

4003 Plovdiv, Bulgaria e-mail:chavdar . kul i n@nmai | . col

e-mail:snow@ini - pl ovdi v. bg

PA3BPABOTKA HA CO®TYEPEH ITPOTOTHUII
LASSIM 3A CUMYJIMPAHE HA ®U3UYHUTE
XAPAKTEPUCTHUKH HA JIASEPHU YCTPOMCTBA

CHexana ['oueBa-Unuesa, Yasnap Kynun

Pesrome. B T1asu paGora e mnpencraBeH codryepen mporotun LasSim,
pa3paboTeH 3a YHCICHO MOJCITHpPAHE M KOMITIOTHPHH CHMYJIAIMM Ha (DU3HMYHHUTE
MPOIIECH B Ta30B pa3psll, CPelIall ce B Pa3IMYHU JA3ePHU CHCTEMH, Ta30pa3psIHU
YCTPOMCTBA, €JIEKTPOHHU U MOHHU TEXHOJIOTHH U Jp. [IpoTOTUIIBT € peanusupaH c
.NET Framework, WPFi C# TexHoIIOTMH U JaBa BB3MOXXHOCT 3a MHCTAJHPaHE M
yIpaBJICHUE HA TPOLIECH OT MOJICITHUTE MPHIIOKCHUS.

52



