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Web-Based Simulation and Remote Access Visualization Tools 
for Engineering and Technology Curricula

Simulation and visualization tools promote students’ understanding of phenomena at nanoscale.

This session will focus on application of web-based simulation tools and remote access 
visualization (RAIN, Nanohub, Physicell, Phet, Compucell3D) for teaching, research, and 
collaboration in the areas of nanotechnology, material science, environmental science, electrical 
engineering, biological sciences, physics, chemistry, photonics, and other areas.

Educators can use these web-based tools to enhance students’ learning of complex concepts at 
nanoscale without acquiring expensive equipment.

Simulation experiences at GVSU for photovoltaic applications will also be presented.



Web-Based Simulation and Remote Access Visualization Tools 
for Engineering and Technology Curricula

Web-Based simulation tools and remote access visualization  provide viable platforms for teaching, 
research, and collaboration in the areas of nanotechnology, material science, environmental science, 
electrical engineering, biological sciences, physics, chemistry, photonics and much other areas.

These tools include:
• RAIN (Remote Access Instruments in Nanotechnology) 26 nodes for accessing visualization 

instruments
• NanoHub has 500+ simulation tools to simulate nanotechnology processes
• Phet Interactive offers Simulations for teaching Physical Sciences and Math
• CompuCell3D & Physicell offer flexible modeling platforms that allow simulations for biology, tissue 

engineering, and viruses including COVID19.



Web-Based Simulation and Remote Access Visualization Tools 
for Engineering and Technology Curricula

Order of Presentation
•  Online Simulation and Visualization Tools

- NanoHub
  - Examples of simulations using nanoHub
  - Phet Interactive Simulations
  - Physicell

   - CompuCell3D
  - Examples of Simulation of Covid-19 Virus
 - RAIN: Remote Accessible Instruments for Nanotechnology
 - MYSCOPE: SEM & TEM
    
•  Use of Online Simulation Tools (SEM & TEM) at GVSU

  
Conclusion



Web-Based Simulation and Remote Access Visualization Tools for Engineering and Technology Curricula

Emerging 4IR Technologies and New Demands on Skill-sets of Graduates

• The global marketplace seeks up-to-date technical knowledge and skills. 
• The pace of technological change also imposes new challenges for faculty development and technical currency 

of academic programs.
• To be successful in the 21st century workplace, graduates must acquire digital-age technical literacy. 
• Graduates are not only expected to understand the theory behind state-of-the-art technologies, but also exhibit 

hands-on and analytical problem solving, expert thinking, awareness of social and ethical implications of 
technology, interpersonal skills, teamwork, and cross-disciplinary communication skills.
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Emerging Technologies



       Emerging 4IR Technologies
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4IR
Diffusion of 

Technologies

Nanotechnology, Robotics and Artificial Intelligence (AI) 



Web-Based Simulation and Remote Access Visualization Tools for Engineering and Technology Curricula

Key Challenges

• Teaching, Learning and Research in new and emerging technologies require state of the art 
laboratories equipped with expensive equipment and associated support facilities. 

• However, such facilities also require large financial resources and time restraints to 
implement the requirements.

• Use of Online Simulation and Remote Access Visualization Tools enhance students’ learning 
and teaching of new and complex concepts without physically using required expensive 
equipment. 



Simulation offers many advantages:

(a) allowing the user to modify system parameters and observe the outcomes without any harmful side 
effects

(b) eliminating component or equipment faults that affect outcomes

(c) supporting users progress at their own pace in discovery and understanding of concepts and issues,

 and (d) enhancing the presentation of “dry” concepts by integrating theory and practice 

Learning through Visualization and Simulation at the Nanoscale



Learning through Visualization and Simulation at the Nanoscale

Nanohub.org

▪ Computing Cloud located at Purdue University
▪ 500+  simulation tools & apps
▪ 1.4 million users Worldwide
▪ 6500 resources



Learning through Visualization and Simulation at the Nanoscale

Nanohub.org….Creating a User Account





















Examples of Simulation Tools



Nanomaterial mechanics explorer
This tool is for those who would like to explore fundamental properties of materials such as dislocations, crack 
propagation, nanowire tensile testing, melting and the martensite transformation through atomistic Molecular Dynamics 
simulations. 

Examples of Simulation Tools

https://nanohub.org/resources/nanomatmech/


Nanomaterial mechanics explorer
This tool is for those who would like to explore fundamental properties of materials such as dislocations, crack 
propagation, nanowire tensile testing, melting and the martensite transformation through atomistic Molecular Dynamics 
simulations. 
This set of tools will allow you to:
• visualize how dislocations either glide or nucleate in a crystal based on the applied stress direction relative to 

the Burgers vector, slip plane, and dislocation line.
• visualize how a nanowire deforms under uni-axial tensile loading, observe the process of yielding and necking, and 

simulate values of key engineering parameters such as the Young's modulus and yield stress. Visualize a defect in a 
Nickel(FCC) or Tantalum(BCC) that under uniaxial tension grows into a crack that will cause brittle fracture. Stress -
strain curve, yield stress and yield strain are generated, and advanced options allow study of the brittle to ductile 
transition in BCC metals.

• visualize melting at the atomic level, and generate a radial distribution function. The effect of pressure on melting 
temperature can be studied.

• visualize a fast quench of two Ni-Al alloys, and identify the martensite transformation

Examples of Simulation Tools

https://nanohub.org/resources/nanomatmech/


nano-Materials Simulation Toolkit Examples of Simulation Tools

The nanoMATERIALS simulation toolkit enables users to perform molecular dynamics simulations of 
materials using a variety of force fields as well as electronic structure calculations

https://nanohub.org/resources/matsimtk
https://nanohub.org/resources/matsimtk


Learning Module— Atomic Picture of Plastic Deformation in Metals
This learning module describes how this simulation tool can be used to teach concepts about plastic 
deformation to sophomore-level MSE students.

Examples of Simulation Tools

https://nanohub.org/topics/LearningModulePlasticityMD


nanoMATERIALS nanoscale heat transport
This tool will enable the users to calculate two heat transport properties: thermal conductivity and 
phonon relaxation time.

Examples of Simulation Tools

https://nanohub.org/tools/nmstthermal


MIT Atomic-Scale Modeling Toolkit
This tool is part of MIT Atomic-Scale Modeling Toolkit which serves Overview of Computational 
Nanoscience: a UC Berkeley Course

Examples of Simulation Tools

https://nanohub.org/resources/ucb_compnano
https://nanohub.org/resources/ucb_compnano
https://nanohub.org/resources/3944
https://nanohub.org/resources/3944


MIT Tools for Energy Conversion and Storage
These tools allow students to focus on the atomic-scale physics and chemistry underlying four separate energy 
conversion and storage materials: thermoelectrics, solar fuels, solar photovoltaics, and hydrogen storage. Within 
each of these four different tools, the user can compute properties that are directly relevant to the key fundamental 
conversion and storage mechanisms.

Examples of Simulation Tools

https://nanohub.org/resources/nanoenergytools


Polymatic: A Simulated Polymerization Algorithm

Polymatic is a set of codes for structure generation of 
amorphous polymers by a simulated polymerization 
algorithm. The main task of Polymatic is to perform 
polymerization steps within a system based on a number 
of defined bonding criteria. It works in conjunction with a 
simulation package to perform energy minimization and 
molecular dynamics simulations during the 
polymerization.

Examples of Simulation Tools

https://nanohub.org/resources/17278


Amorphous Silicon Generator

This tool generates realistic random-network models of a-Si with periodic boundary conditions.

Examples of Simulation Tools

https://nanohub.org/tools/asilicon


Molecular Dynamics with Monte Carlo Simulations
RASPA tools, which include:
• Void Fraction Calculator
• Calculates the void fraction (pore volume) of nano-porous materials
• Gibbs Adsorption Simulator

• Simulates the adsorption of gases using Gibbs ensemble
• Adsorption Energy Calculator

• Calculate the total energy of adsorbates as they move around a metal organic framework
• Gas Adsorption Calculator

• Simulates gas adsorption onto metal organic frameworks
• Henry Coefficient Simulator

• Calculate Henry's constant of several sites on a nanoporous material
• Gas Diffusion Coefficient in Metal Organic Frameworks

• Calculates gas self diffusion coefficient in metal organic frameworks

Examples of Simulation Tools

https://nanohub.org/resources/diffusion
https://nanohub.org/resources/diffusion
https://nanohub.org/resources/diffusion
https://nanohub.org/resources/diffusion
https://nanohub.org/resources/diffusion
https://nanohub.org/resources/diffusion
https://nanohub.org/resources/diffusion


NanoDDSCAT
Calculate scattering and absorption  of light with arbitrary geometry and complex 
Refractive Index 
1. Target

Examples of Simulation Tools



NanoDDSCAT
Calculate scattering and absorption  of light with arbitrary geometry and complex 
Refractive Index 
2. Spectrum Calculation

Examples of Simulation Tools



NanoDDSCAT
Calculate scattering and absorption  of light with arbitrary geometry and complex 
Refractive Index 
3. Field

Examples of Simulation Tools



NanoDDSCAT
Calculate scattering and absorption  of light with arbitrary geometry and complex 
Refractive Index 
4. Process and Simulate

Examples of Simulation Tools



NanoDDSCAT
Worldwide Usage 

Examples of Simulation Tools



The Crystal Viewer simulation tool allows:
(a) viewing all materials which have periodical structure
(b) building crystal structure even not exists in nature

Silicon With Miller Plane

NaCl Unit Cell

NaCl Unit Cell GaP Unit Cell

Examples of Simulation Tools



Examples of Nano Structure Visualization

GaN Bravais Vectors Buckey Ball

Carbon nano tube

Examples of Simulation Tools



Examples of Nano Structure Visualization
https://youtu.be/wm3VpgbM6_w



Crystal Viewer 
Worldwide Usage 



Nanosphere Optics Lab over NanoHub
Calculate absorption from metallic nanoparticles

Examples of 
Simulation Tools



Nanosphere Optics Lab over NanoHub
Calculate absorption and scattering from single nanowires with or without shells

Examples of 
Simulation Tools



NanoHub:
Worldwide Usage 





PhET Interactive Simulations
University of Colorado

For Physics, Chemistry, Math, Environmental Sciences 
and Biological Sciences: 

https://phet.colorado.edu/



PhET Interactive Simulations
University of Colorado
For Physics, Chemistry, Math, Environmental Sciences and Biological Sciences: 
https://phet.colorado.edu/

https://www.youtube.com/watch?v=4Hj6GqBRp
A0



PhET Interactive Simulations
University of Colorado
For Physics, Chemistry, Math, Environmental Sciences and Biological Sciences: 
https://phet.colorado.edu/

• PhET Simulations Help Students to: 
• • Engage in scientific exploration with multiple, positive 

learning 
• • Achieve conceptual learning 
• • Make connections to everyday life (e.g., science to the 

real world)
• • Take and sense ownership of their learning 

• PhET Simulations Help Educators to: 
• • Create a student-centered classroom 
• • Foster a supportive, goal-oriented learning environment
• • Bring their experience, professionalism, and knowledge 

of their students to designing, implementing, and 
improving activities, implementation, and design.

•



PhET Interactive Simulations: Accessibility Features
University of Colorado
For Physics, Chemistry, Math, Environmental Sciences and Biological Sciences: 
https://phet.colorado.edu/

https://www.youtube.com/watch?v=4Hj6GqBRpA0



PhET Interactive Simulations: Sample Simulations
For Physics, Chemistry, Math, Environmental Sciences and Biological Sciences: 
https://phet.colorado.edu/

A complete list is available at: https://phet.colorado.edu/en/accessibility/prototypes



PhysiCell  provides a robust, scalable code for simulating large systems of cells in 3-D tissues on standard desktop 
computers: http://physicell.org/



PhysiCell demo: immune cells attacking a heterogeneous tumor
https://youtu.be/nJ2urSm4ilU

http://physicell.org/

Physicell can also be accessed via nanoHub.

https://www.youtube.com/watch?v=nJ2urSm4ilU
https://youtu.be/nJ2urSm4ilU
http://physicell.org/


http://physicell.org/

Physicell can also be accessed via 
nanoHub.

COVID19 tissue simulator
This model simulates viral 
dynamics of SARS-CoV-2 
(coronavirus / COVID19) in a 
layer of epithelium and several 
submodels (such as single-cell 
response, pyroptosis death 
model, tissue-damage model, 
lymph node model and immune 
response).

http://physicell.org/


CompuCell3D: https://compucell3d.org/ 
CompuCell3D is a flexible scriptable modeling environment, which allows the rapid construction of sharable Virtual Tissue in-

silico simulations of a wide variety of multi-scale, multi-cellular problems including angiogenesis, bacterial colonies, cancer, 

developmental biology, evolution, the immune system, tissue engineering, toxicology and even non-cellular soft materials. 

CompuCell3D models have been used to solve basic biological problems, to develop medical therapies, to assess modes of 
action of toxicants and to design engineered tissues. CompuCell3D intuitive and make Virtual Tissue modeling accessible to 

users without extensive software development or programming experience. It uses Cellular Potts Model to model cell 

behavior.



Example of the Application of CompuCell3D
A multiscale model of viral infection in epithelial tissues

COVID 19 Virtual Tissue Model - Tissue Infection and Immune Response Dynamics 
By Josua Oscar Aponte-Serrano, T.J. Sego Simulates tissue and immune system interactions during a viral lung infection 

https://nanohub.org/members/261043
https://nanohub.org/members/258745


CompuCell3D Multiscale, Virtual-Tissue Spatio-Temporal Modeling of Simulations of 

COVID-19 Infection, Viral Spread and Immune Response and Treatment Regimes
“Simulations of tissue-specific effects of primary acute viral infections like COVID-19 are essential for understanding differences in disease 

outcomes and optimizing therapeutic interventions. In this two-part mini-workshop we present an open-source Python and CC3DML-scripted 

multiscale model and simulation of an epithelial tissue infected by a virus, a simplified cellular immune response and viral and immune-induced 

tissue damage and show how you can use it to model basic patterns of infection dynamics and antiviral treatment. Part I presents the model and 

teaches how to run it and to change model parameters for generating new biologically meaningful simulations. Part II teaches how to extend the 

model with additional images, graphics and file outputs, additional cell types, diffusive fields, cell behaviors and interactions and improved 

subcellular and immune-system models.” [https://compucell3d.org/]

How to Run, Extend, Adapt and Improve the CompuCell3D COVID-19 Model

Part-I: Video

https://www.youtube.com/watch?v=edL8yHE8cO8&feature=youtu.be

Part-II: Video

https://www.youtube.com/watch?v=hDc0ttw_wqo&feature=youtu.be

CompuCell3D can be downloaded from https://compucell3d.org/SrcBin or it could be accessed via NanoHub.

https://www.youtube.com/watch?v=edL8yHE8cO8&feature=youtu.be
https://www.youtube.com/watch?v=hDc0ttw_wqo&feature=youtu.be
https://compucell3d.org/SrcBin


A great characterization virtual experience: MYSCOPE

MyScope
 is standalone

 Australian website
 for training on

 characterization tools. 

Examples of 
Simulation 
Tools…Use of SEM 
and TEM at GVSU



•      Visualization of physical phenomena can confirm hypothesis
•    Observation provides opportunities for the sample study without  damaging .
•    Objects under study may be too small for our hands to handle or manipulate
•    Our students are motivated by “seeing for themselves”! 
•       Measurement tools for nanotechnology applications is expected to create a 
        multibillion-dollar market within the next decade
•       Morphologic characterization of Viruses such as Covid-19
     Development of new products based on nanotechnology requires        
        visualization coupled with interfacial interactions & measurement at the  

        nanoscale. 

THUNDER Imager 3D Live Cell & 3D Cell Culture - Decode 3D Biology in Real Time*

Need For Visualization at the Nanoscale 

https://www.google.com/url?sa=i&url=https://www.youtube.com/watch?v=Bq2f9FDIZJ4&psig=AOvVaw0urus4PkmSkNIUNJUo3H0r&ust=1594979874125000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCICa1fbB0eoCFQAAAAAdAAAAABAI


Advantages of Visualization at the Nanoscale

➢  Enhance students understanding of the properties of matter at the nanoscale which differ from bulk 
material.

➢   Help instructors improve teaching of abstract concepts of nanoscale phenomena.

➢  Understand the benefits and application of  visualization at the nanoscale.

➢ Increase knowledge in the field of nanotechnology and  STEM education. 

➢ Understand the use of remotely accessible instruments for visualization of nanoscale samples .



Options in Visualization

➢ Observe the sample with shorter wavelengths of light or 
radiation

– Need to convert the imaging result into something that we 
can visualize

• X-Ray film

• Scanning Electron Microscope

➢ Probe the sample physically

– Need to be very, very careful

• Mechanical feedback

• Motion to vision conversion required



Methods of Nanoscale Visualization

▪ Optical Microscope 
      Suffers from diffraction effect on sample surfaces.    
      Limited resolution at nanoscale. 
▪ Scanning electron microscope (SEM) 
      Require the use of electron beams at high vacuum environment
      and cannot be used for biological non-conductive samples and
      samples under liquid.
▪ Atomic Force Microscopy (AFM)
      Uses sharp probe scanning over the sample while maintaining
       a very close spacing to the surface . A tool to measure both 
       topography and force-related material properties at the
       nanoscale.





Visualization at the Nanoscale
Visualization of processes can be achieved by using laboratory 
instruments, online simulation and remote access 
instruments.



Benefits 

•   Saving  on buying an expensive equipment 

•  Helps to train students before  buying the equipment  

•  Introduces  students to the  processes and phenomenon at 
nanoscale
 

Online Tool/Methods For Visualizations 
                                                  

Remote Accessible Instruments for Nanotechnology (RAIN): 
https://www.nano4me.org/remoteaccess

https://www.nano4me.org/remoteaccess


https://youtu.be/Tz1AvCUqoNo



RAIN Network Partner Locations



Learning through Visualization at the Nanoscale
Types of Tools at RAIN

• RAIN allows students to access and control microscopes and analytical tools, to look at nanosized 
materials from the ease of classrooms, or home computers, across the country. 

• Students control the tools over the Internet from 26 centers in real-time. 
•

▪  Atomic Force Microscope (AFM) 
▪  Optical Microscope 
▪  Confocal Microscope 
▪  Scanning Electron Microscope (SEM) 
▪  Energy Dispersive Spectroscopy (EDS)
▪  Profilometer 
▪  Ultraviolet–visible Spectrophotometer 
▪  Molecular Analyzer 
▪  Fourier Transform Infrared Spectroscopy (FTIR) 
▪  X-ray fluorescence (XRF) 
▪  Fabrication Tools 



RAIN Network Intruments
nano4me.org/remoteaccess



Remote Accessibility of Nanotechnology Instruments

Atomic Force Microscope (AFM) 

• Forsyth Tech Community College - (Nanosurf Flex Scan head AFM)

• Northcentral Technical College - (Nanosurf easyScan 2)

• North Seattle College - (Nanosurf easyScan 2)

• Oakton Community College - (Nanosurf easyScan 2 FlexAFM)

• Pennsylvania State University - (Bruker Innova)

• Salt Lake Community College - (Agilent 5400 AFM/SPM & Nanosurf easyScan 2)

Scanning Electron Microscope (SEM) 

• NCI-SW at Arizona State University - (Phenom Pro)

• CABOCES - (Phenom ProX & JEOL-JSM-6010PLUS/LA)

• Erie Community College - (JEOL JSM-6010LA)

• Northcentral Technical College - (Hitachi TM 3030)
• Oakton Community College - (Hitachi TM 3000)

• North Seattle College - (Aspex EXplorer)

• Pasadena City College - (Phenom ProX)

• Pennsylvania State University - (ZEISS 55 Ultra FESEM)

• Research Triangle Nanotechnology Network - (FEI Quanta 200 Field Emission Gun)

• Salt Lake Community College - (Hitachi TM3000)

• SUNY Polytechnic Institute - (Hitachi TM3000 w/ x-ray (EDS))

• University of Texas at San Antonio - (Hitachi S5500 STEM)

• SCME at University of New Mexico - (Phenom ProX)

Optical Microscope 

• Pennsylvania State University - (Leitz Ergolux)

A complete list is available at:
https://www.nano4me.org/remoteaccess#NanoTools

http://www.nano4me.org/remoteaccess
https://www.nanosurf.com/en/
http://www.nano4me.org/remoteaccess
http://www.schaefer-tec.com/fileadmin/user_upload/sortiment/rastersondenmikroskopie/Nanosurf/easyScan_2_Brochure.pdf
http://www.nano4me.org/remoteaccess
http://www.schaefer-tec.com/fileadmin/user_upload/sortiment/rastersondenmikroskopie/Nanosurf/easyScan_2_Brochure.pdf
http://www.nano4me.org/remoteaccess
http://www.teachnano.com/products/easyscan2/flexafm/index.html
http://www.nano4me.org/remoteaccess
http://www.nano4me.org/remoteaccess
http://www-omcs.materials.ox.ac.uk/uploads/AGILENT%205400%20tech%20sheet.pdf
http://www.schaefer-tec.com/fileadmin/user_upload/sortiment/rastersondenmikroskopie/Nanosurf/easyScan_2_Brochure.pdf
http://www.nano4me.org/remoteaccess
http://www.phenom-world.com/microscopes/phenom-pro
http://www.nano4me.org/remoteaccess
https://www.phenom-world.com/microscopes/phenom-prox
http://www.jeolusa.com/DesktopModules/Bring2mind/DMX/Download.aspx?EntryId=752&Command=Core_Download&language=en-US&PortalId=2&TabId=320
http://www.nano4me.org/remoteaccess
http://www.jeolusa.com/DesktopModules/Bring2mind/DMX/Download.aspx?EntryId=752&Command=Core_Download&PortalId=2&TabId=320
http://www.nano4me.org/remoteaccess
http://www.hitachi-hightech.com/eu/product_detail/?pn=em-tm3030
http://www.nano4me.org/remoteaccess
http://www.hitachi-hightech.com/file/us/pdf/library/literature/TM3000-TableTopSEM-BrochureHTD-E188Q.pdf
http://www.nano4me.org/remoteaccess
http://www.fei.com/products/sem/aspex-explorer-for-industrial-manufacturing/
http://www.nano4me.org/remoteaccess
http://www.phenom-world.com/microscopes/phenom-prox
http://www.nano4me.org/remoteaccess
http://www.zeiss.com/microscopy/en_us/products/scanning-electron-microscopes/ultra-materials.html
http://www.nano4me.org/remoteaccess
https://www.fei.com/products/sem/quanta-sem/
http://www.nano4me.org/remoteaccess
http://www.hitachi-hightech.com/file/us/pdf/library/literature/TM3000-TableTopSEM-BrochureHTD-E188Q.pdf
http://www.nano4me.org/remoteaccess
http://www.hitachi-hightech.com/file/us/pdf/library/literature/TM3000-TableTopSEM-BrochureHTD-E188Q.pdf
http://www.nano4me.org/remoteaccess
http://www.spectral.se/spectral.nsf/f164f3e9b82f0febc1256dcc004611c1/973be1ca97284456c1256f4a007aadc6/$FILE/S-5500%20brochure.PDF
http://www.nano4me.org/remoteaccess
http://www.phenom-world.com/microscopes/phenom-prox
http://www.nano4me.org/remoteaccess


How to Incorporate RAIN into your courses
Accessing RAIN Network

nano4me.org/remoteaccessStep 1
Watch Videos: To get the most out of your remote access session, we 
suggest that teachers and students learn about the technology used to 
view things at the nano-scale level. Our recommended videos can be 
viewed in the classroom or assigned as homework. 
Step 2
Complete the Remote Access Request Form: This is where you request 
a remote test session (if this is your first time running remote access 
with us) and a live session; select the instruments and topic areas 
you’d like to focus on; and provide your lab instructor with other 
important information such as your class' interests and knowledge 
level.
Step 3
Run a remote test session
º This is used to check your audio, video, and Internet connections.
º Takes about 20 minutes. 



How to Incorporate RAIN 
into 

your courses
Accessing RAIN Network

nano4me.org/remote access

Step 1
Before you start remote access, you’ll need to:
1. Install Video Conferencing Software
Based on the instrument and partner site you requested, you will need either Zoom or Team 
Viewer. Both are free to download and use. 
2. Set up your computer. You need: 

 º Webcam
 º Microphone
 º Speakers
 º A projector or large display is recommended, but not require

Step 3
Choose your samples: You can use in house samples or send your own to the remote access site 
you selected when scheduling your session. Based on your remote access request (step 2), a 
remote access manager will reach out to you regarding in house sample availability and to 
provide address information for any samples you wish to mail in. 
Step 4
Run a live session
º This is where you will have live remote access to the lab equipment. 
º This can take anywhere from 15 minutes to 2 hours. 
Step 5: Give us feedback! Help us show the NSF that remote access is a valuable resource.

http://www.zoom.us/signup
https://www.teamviewer.com/en/index.aspx
https://www.teamviewer.com/en/index.aspx
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• Scanning Electron Microscopy (SEM)
• A very engaging tool for the students including K-12
• Microscopy in general captivates general public interest since 1600s.
• An expensive tool if Field Emission (FE)-SEM is desired



• Scanning Electron Microscopy (SEM) fundamentals

Image Credits: 

http://www.microscopy.ethz.ch/interactions.htm

• One way to see things at the nano-scale is to use beams of electrons. These beams 
can be used to let us see size, shape, structure  and even composition.

• When a beam of electrons hits a  material (specimen), a number of responses occur. 
Some of the electrons may go through the specimen (transmitted electrons). Some 
may bounce back (backscattered electrons) and new electrons may be knocked off 
the atoms of the specimen and come back (secondary electrons and Auger electrons). 
In addition, photons, including high energy photons (x-rays), generated by the relaxing 
of excited atoms may come back.

• Each one of these responses can be exploited to “see” the specimen
• Seeing by using the backscattered and secondary electrons is called scanning 

electron microscopy (SEM). It is called field emission scanning electron 
microscopy (FE-SEM) when the impinging beam of electrons is produced by quantum 
mechanical tunneling.



Image Credits: Semiconductor Material and Device Characterization, 2nd ed. 

Dieter K. Schroder, John Wiley & Sons, Inc.

• Vacuum- necessary for tool operation;  
column (high), chamber (low)

• Electron gun- source of the electron beam 

• Condenser Lenses – focus and 
reduce/expand beam

• Aperture- series of micron-scale holes in 
metal film which block outer parts of beam

• Gun valve- pressure valve separating gun 
and sample chambers 

• Objective lens- focuses electron beam on 
specimen surface

• Deflector Coils- create scan pattern and 
beam raster pattern

• Specimen position- x,y,z, tilt, and rotation 
on goniometric stage



X, Y 
Coordinat

e

Time
(µSec.)

1, 10 0:01
2, 10 0:38
3, 10 1:15
4, 10 1:52
5, 10 2:29
6, 10 3:06
7, 10 3:43
8, 10 4:20
9, 10 4:57
10, 10 5:04
11, 10 5:11
12, 10 5:18

Time Signal 
Intensity

0:01 ◼◼◼◼◼◼◼◼

0:38 ◼◼◼◼◼◼◼◼

1:15 ◼◼◼◼◼◼◼◼

1:52 ◼◼◼◼◼◼◼◼

2:29 ◼◼◼◼◼◼◼◼

3:06 ◼◼◼◼◼◼◼◼

3:43 ◼◼◼◼◼◼◼◼

4:20 ◼◼◼◼◼◼◼◼

4:57 ◼◼◼◼◼◼◼◼

5:04 ◼◼◼◼◼◼◼◼

5:11 ◼◼◼◼◼◼◼◼

5:18 ◼◼◼◼◼◼◼◼

It’s me, 
Mario



MyScope Explore (myscope-explore.org)

More oriented for K-12

https://www.myscope-explore.org/


More oriented for K-12

Load the sample
Evacuate
Choose Accelerating Voltage (Lower the better in general 
for organic samples)
Spot Size (Smaller => Better resolution)



More oriented for K-12

Choose a Working Distance (Z-height: Lower the 
better for fine resolution, if too close can bump 
into the lens)
Turn HV on
Adjusting Brightness, Contrast, Focus and 
Magnification => Capture the image!



More oriented for K-12



There are several excellent simulators for TC and 
CC students as well as higher level training for 
instructors. 

Going to quickly show some snapshots from 
SEM, EDS, TEM, FIB and SPM 

MyScope - Train for advanced research

https://myscope.training/










 

1. Online visualization and simulation tools help to enhance teaching/learning of nanoscale phenomena in Physics, Chemistry, Engineering, 

Engineering Technology, Material Science, Environmental Sciences, and Biological sciences.

2. Use of Visualization and Simulation promote students’ interest in STEM education. 

3. Increased interest in STEM education is expected to enable the students to join a rapidly growing workforce in the field of 

nanotechnology.

4. Free online RAIN facility is an excellent resource for introducing nanotechnology to the students at a small institution with limited funds.

5. RAIN allows to learn about nanotechnology instruments before acquiring them.

6. nanoHUB, based at Purdue University, is an excellent simulation platform for introducing and analyzing nanotechnology phenomena at all 

educational levels at no cost to the institutions.

7. Phet Interactive Simulations, based at University of Colorado, is an excellent resource for teaching Physics, Chemistry, Environmental 

Sciences, Material Science and Biological sciences in undergraduate programs.

8. Physicell  is a robust, scalable code for simulating viral dynamics of SARS-CoV-2 (coronavirus/COVID-19) in a layer of epithelium and 

several submodels (such as single-cell response, pyroptosis death model, tissue-damage model, lymph node model and immune 

response).

9. Compucell3D is flexible modeling platform that allows rapid simulations for cancer, developmental biology, evolution, immune system, 

tissue engineering, toxicology, non-cellular soft material and viruses such as Covid-19.

                Conclusion



Thanks for attending this presentation….Any Comments…Questions…Feedback? Please contact us via e-mail: 
         

                    Dr. Ahmed S. Khan 
dr. a.s.khan@ieee.org

 Dr. Atilla Ozgur Cakmak
cakmaka@gvsu.edu 

Dr. Salahuddin Qazi
qazi@sunypoly.edu

To know what you know and what you do not know, that is true knowledge.
                                                                                                           --- Confucius

                            The art of knowing is knowing what to ignore.
                                                                                        --- Rumi

mailto:a.s.khan@ieee.org
mailto:cakmaka@gvsu.edu
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6. nanoHUB, based at Purdue University, is an excellent simulation platform for introducing and analyzing nanotechnology phenomena at all 

educational levels at no cost to the institutions.

7. Phet Interactive Simulations, based at University of Colorado, is an excellent resource for teaching Physics, Chemistry, Environmental 

Sciences, Material Science and Biological sciences in undergraduate programs.

8. Physicell  is a robust, scalable code for simulating viral dynamics of SARS-CoV-2 (coronavirus/COVID-19) in a layer of epithelium and 

several submodels (such as single-cell response, pyroptosis death model, tissue-damage model, lymph node model and immune 

response).

9. Compucell3D is flexible modeling platform that allows rapid simulations for cancer, developmental biology, evolution, immune system, 

tissue engineering, toxicology, non-cellular soft material and viruses such as Covid-19.

10. MYSCOPE is an excellent online tool for incorporating topics like SEM, EDS, TEM, FIB and SPM into curricula.

                Conclusion
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