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Abstract 
 
The popularity of the Java language for educational materials development continues to increase.   
Unfortunately, most of these developed tools are isolated Java applets that explain a single 
“textbook” educational concept.  These disjoint Java applets, while sometimes providing 
excellent educational materials, lack the system level, top-down approach that is prevalent in 
engineering. In this paper, we present our work on developing Java applets, and web-based 
courseware materials, for microelectronics and photonics (lasers and optics) that incorporates 
this system-level top-down approach.  Specifically, we will discuss the use of consumer 
products, such as barcode scanners and CD-ROM’s, as effective microelectronic and photonic 
systems learning modules.  
 
The implementation of this top-down consumer product approach requires that the developer 
understand the applications of these theoretical and educational materials.  In this way, the 
developed web-based courseware provides excellent engineering educational value by providing 
instructors and students with a context for the specific topic.  That is, the consumer product 
approach effectively provides a link from the study of microelectronics and photonics to real 
world applications. 
 
A user of the courseware enters at a high level view of an everyday real-world consumer 
product, selects components of that product to investigate, and can interact with the Java applets 
that describe the details of the operation of the selected component. Moreover, the developed 
web-based courseware allows the user to choose the level of educational materials that he or she 
wishes to study.  In this way, these educational materials become accessible to users with 
educational backgrounds varying from high-school students, with limited science experiences, to 
the researchers in the fields of microelectronics and photonics.  In this paper, the overall  “big 
picture” implementation issues as well as the design of the applets embedded within this top-
down consumer product approach are presented. 
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I. Introduction 
 
The development of the Java programming language by Sun Microsystems provided a new tool 
for the development of interactive web-based educational materials.  Specifically, the ability to 
develop Java applets that can be instantly shared on the web in a platform independent manner 
has permitted the developers of these applets to reach large target audiences. The visual 
interactive simulation of technical subjects using Java applet programs on the World Wide Web 
(WWW) has a proven effectiveness for students learning difficult subjects. For example, we 
have found that employing Java Applet simulations in a junior-level university course has shown 
both qualitative benefits and quantitative benefits in student quiz and grade performance [1,2].  
 
In spite of the benefits that are provided by these educational applets, there still exist many 
impediments that need to be overcome before their full potential as educational aids can be 
realized. The necessity of presenting these applets with relevant courseware, the slow speed of 
web access to these applets, and the time-intensive development efforts required for these applets 
are three of the most important impediments that need to be considered. Moreover, most of the 
already developed Java applets, even those that provide excellent educational materials, lack the 
system level, top-down, approach that is prevalent in engineering. More importantly, most of the 
already developed educational applets target a specific educational level.  
 
In this paper, we present our work on developing Java applets, and web-based courseware 
materials, for microelectronics and photonics (lasers and optics) that incorporates a system-level 
top-down approach. We discuss the pedagogy associated with using these materials, provide 
examples of the implementation, and provide a detailed design procedure for the component 
applets.  A user of our courseware enters at a high level view of an everyday real-world 
consumer product (see Figure 2, for example), selects components of that product to investigate, 
and interacts with specific Java applets that describe the details of the component operation.  
Furthermore, users of this web-based courseware are allowed to choose the level of the 
educational materials that he or she wishes to study.  In this way, these educational materials 
become accessible to users with educational backgrounds varying from high-school students, 
with limited science experiences, through the researchers in the fields of microelectronics and 
photonics.  Finally, the problems associated with the slow speed of accessing these applets 
through the web, and with the time intensive development required for these applets, are 
addressed in the discussion of the design and development phases of our applets.   
 
II. Courseware Pedagogy 
 
Figure 1 shows a graph of the Java courseware pedagogy with an example implementation.  As 
shown in this figure, we choose a ubiquitous consumer optoelectronic product to serve as the 
entry point in our case-study module.  This case-study module is used as the motivation for the 
topics to be considered.  In addition, included in the top-level case-study module is the ability for 
the user to choose their desired learning level for the topics. Once an educational level is chosen 
(A, B, or C in Figure 1), the interactivity of the applet is adjusted for that user level.  
Specifically, in our implementation, if the user chooses educational level A, the menus that 
popup on mouseover events are only those associated with that educational level.  Another 
benefit of this layout is that once the user chooses the level, the component applets and 
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associated educational materials for all other 
educational levels are hidden.  The menu 
options that appear for components are links 
to the underlying Java applets that focus on 
component explanations appropriate to the 
users chosen educational level.  
 
These case study modules, and the 
underlying educational applets, can be 
seamlessly integrated into a number of course 
syllabi that include the study of 
semiconductors, photonics, lasers and optics.  
In fact, all of the associated component 
applets are developed as educational aids for 
specific textbook style problems (see Figure 
3 and Figure 4 for example) for students in 
traditional courses and can be readily linked 
to topics studied in a textbook. The main 
advantage of the top-down module level 
approach is that these top-level consumer 
product applets can serve as stand alone, self-
learning modules. 

 
A well-chosen case-study module can provide a rather comprehensive set of topical concepts that 
could fill a substantial part of a semester-long course. In addition, discussions of consumer 
products engage the students with the subject area and legitimize the theoretical aspects of the 
course. Some of the important criteria for selecting the case study modules are 

 
1. The various components of the product should provide examples of the 

devices/concepts that we want to explain (in our case the product must include 
semiconductor and photonic devices).   

 
2. The product must have a challenging intellectual appeal.  
 
3. The product should be attractive enough for inclusion in University and high school 

courses.   
 

Once an appropriate consumer product is chosen, the case studies of these products are 
implemented as applets.  A complete case study requires the development of a number of 
independent complex applets to describe the various components of the top-level system. We 
have found that these components applets are best served by including them in a detailed html 
page. This html page includes theoretical details, links to other educational resources related to 
this topic, and other non-animated graphics and photographs that are tailored to the appropriate 
audience level. The links to other educational resources expand the usefulness of our developed 
resource. 

Java Courseware Pedagogy

Implementation

Case-Study Modules (All Users)

A. Applets for 
Application-Level 
(High School & 

Lower Level 
University)

B. Applets for ‘In-
Depth’ Audience 

(Upper-Level 
University)

C. Applets for 
Research 
(Graduate 

Students and 
Professionals)

CD-ROM & Barcode Scanner

A. Device 
Principles in Simple 

Terms, e.g., 
Photodetector, 
Light, Lenses 

B. Device 
Specifics, e.g., 

Carrier Injection, 
Wave Equation, 

etc.

C. Research 
Design Tools, e.g., 
Bragg Diffraction 

Gratings,
GaN/InGaN 

 
Figure 1: Java courseware organizational 
structure with example implementation. 
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Implementation example: An educational applet on the Bar Code Scanner 
 
The snapshot of the barcode scanner applet implementing the barcode scanner case study is 
shown in Figure 2.  The menu options at the bottom of the figure allow the user to choose the 
educational level.  In addition, the user can move the mouse over the image and level appropriate 
menus appear that show developed component materials.  In the figure, we show the menu for 
the mouse passing over the laser beam.  The barcode scanner fulfills the three criteria given 
above for an excellent case study module.  Specifically, the barcode scanner provides sufficient 
components for entry into microelectronics and photonics: a laser (He:Ne or semiconductor laser 
diode), optics for scanning and a detection system (either a photodiode or a CCD array), circuitry 
for detection, etc. Moreover, its prevalence throughout society (used in stores to scan the UPC 
code of products into a computer for inventory and pricing) makes it recognizable to many 
people.  Barcode scanners use the absorptive behavior of black versus white to provide the zeros 
and ones necessary for the digital encoding of the product identification and provide us with a 
mechanism to introduce the electronics/optics interfacing.  Specifically, once the laser scans 
across the barcode, consisting of black and white stripes, it either sees regions of high absorption 
and low scattering of the laser (black regions) or regions of low absorption and high scattering of 
the laser (white regions).  The detection system records the scattered signal as a function of time 

(as the laser scans across the barcode).  The 
signal on the photodetector will be 
proportional to the amount of light it 
receives and thus we can record either lows 
or highs using this system. 
 
As stated earlier, users are allowed to select 
any component of this product.  For 
example, by selecting the laser we can go to 
the component applet on either 
semiconductor lasers or to a component 
applet on gaseous lasers such as He:Ne.  In 
the barcode scanner case study, menus 
appear when the user moves over the 
barcode, holographic plate, laser, detector, 
mirror, laser beam, etc.   
  
The top-level applets (case study modules) 
serve a dual purpose.  For students with an 
already existing interest in the science, 
mathematics, engineering and technology 
(SMET) area, they serve as an initial entry 
point for the more in-depth applets and 
investigation.  For people without an 
existing interest in the SMET area, the top-
level applets can serve as one of the main 
learning vehicles for entry into the exciting 

 
Figure 2: Barcode Scanner Case-Study Module.  
The user is allowed to change the menu at the 
bottom, and to select from pop-up menus that 
appear as the mouse moves over the applet.  The 
menu shown is for light propagation and appears 
when the mouse passes over the laser beam.  
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world of technology and their underlying 
scientific principles. 
 
As stated earlier, it is essential to develop all 
the component applets for a case study so 
that the entire module is appropriate for 
problem-based learning [3]. In this way, 
these modules ’naturally’ induce such 
questions as to how the product works and 
what components are necessary to enable its 
functionality.  These case studies introduce 
an element of reverse-engineering by 
allowing learners to dissect a product, ’open 
up’ each component to investigate the 
governing scientific principles, and to 
explore effects produced by varying 
’physical’ or ’structural’ conditions (all 
accomplished by pressing a key on the 
keyboard or clicking the mouse). Therefore, 

for each developed module we develop component applets that serve as stand-alone simulation 
tools for the basic concepts as well as constituent parts for the case-study modules.  More 
importantly, associated with each component applet, we develop the pedagogically important 
peripheral materials such as images, texts, equations/theories, applet worksheets, quiz questions, 
and tutorials to complete the educational experience. 
 
Component Applets 
 
The developed component applets must be appropriate for the intended educational level. In our 
model, applets for the lower level should be appropriate for high school seniors and low-level 
university students.  Applets that describe the operation of devices in a ‘black-box’ manner are 
appropriate for this level.  For example, Figure 3 shows a developed applet that illustrates the 
imaging of an object.  This applet allows the user to independently change the focal length of the 
lens, and the height and position of the object and image.  In this way, the user can perform the 
‘research’ to develop the lens equation.  
 
As the educational level increases, the component applets must increase in complexity and must 
include the details required to stimulate the advanced learner.  For example, in photonics, applets 
that describe light propagation using ray matrices (ABCD matrices) are being designed for 
upper-level undergraduate students.  In addition, applets that include more details of laser 
operation, such as cavity design and stability, laser dynamics (both for semiconductor laser 
diodes and conventional lasers), and introduce newer materials for the next generation of blue 
lasers (such and GaN/InGaN based lasers) are appropriate for the graduate and research level 
users. 
 
At the present time, our efforts have focused on the development of applets suitable for the high 
school and undergraduate levels.  Specifically, we have focused on the development of applets 

 

Figure 3: Example component description applet.  
This component applet describes the behavior of a 
lens system and is intended for the High School 
and Undergraduate Levels.  The links of the right 
side provide worksheets, quizzes, mathematics 
and feedback options. 

P
age 5.169.5



 

that can be easily incorporated into undergraduate courses and high-school courses to have a 
much larger impact through a broadened dissemination.  In the following section, we discuss the 
design and development criteria that are followed in the software development cycle of the 
educational applets used in these materials. 
 
III. Educational Applets design and development  
 
The design (and analysis) of an applet mainly involves the design of the applet screen and the 
design of the various visual components of the applet in conformance to a set of general but 
important guidelines that usually improve a user’s perception of the problem [4]. The 
development strategy mainly focuses on the structured software development process model 
followed to reduce the time and effort involved in developing a new applet.   Here, we present 
the general guidelines for the design and development of these applets. 
 
General Guidelines for Applet Design and Development 
 
Applets catering to a wide audience should be simple in terms of the subject content and the 
screen content. They should have good visual representation of the important scientific concepts. 
The applets should allow the full range of user interactivity with a bi-directional design, 
presenting the output condition as a response to a changing input condition and vice versa. The 
technical content of these applets must be accurate. Applets that perform extensive calculations 
should use fast computational algorithms to allow “real-time” update of the applet output in 
response to user input. Using appropriate computational algorithms helps to solve the speed issue 
mentioned earlier. 
 
Screen (Content) Design and Analysis of Use Scenarios  
 
The first, and perhaps the most difficult, task is the design of the applet screen.   After the applet 
topic is thoroughly analyzed, the overall screen content should be designed and sketched in a 
notebook.  Based on this initial sketch and based on pedagogical considerations, all ‘possible’ 
use-scenarios are then enumerated.  A brief description should be provided for each scenario.  
These scenarios are then implemented as user interaction scenarios in the development phase. 
 
Design of Visual Components of the Applet: Object-Oriented Design and Implementation 
 
In the design of the visual components, the applet screen is analyzed according to object-oriented 
programming principles like encapsulation by classes, abstraction through interfacing and code 
reusability by inheritance. Encapsulation of different visual components in classes, and 
abstraction of these components by providing interfaces through public methods in the classes, is 
essential for future enhancements and maintenance of the applets.  
 
Educational applets should demonstrate a single educational topic.  Therefore, it is good practice 
to encapsulate all the underlying theories and formulae in a single Java class.  All theoretical 
equations, formulae and variables, along with solution algorithms, are placed in this class.  In 
this way, all theory-related problems can be corrected by correcting this class.  Moreover, there 
must be a single instance of this class in the applet.  One approach to ensure that the applet has 
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only one instance of this ‘theory’ class 
is to declare all member variables and 
methods as static.  An alternate 
approach to this design, which 
encourages the design of a generic 
architecture for visual simulation, is to 
follow the Singleton design pattern for 
the ‘theory’ class.  For reference, the 
book by Gamma et al. [5] discusses this 
Singleton design pattern. 
 
Development by structured software 
development process 
 
A structured software development 
process facilitates the development of 
graphically-oriented Java applet 
programs.  Employing such a 
development model provides a resource-
sharing environment for group 
collaboration environments.  For 
example, some class files may be shared 
among the developers as a reusable 
library class or as part of a single applet 
program developed collaboratively. This 
puts these class files through rigorous 

test cycles when they are repeatedly used in different case scenarios and by different users.  
 
In addition to code reuse, structured development of visual components of the applet breaks the 
applet into smaller components that can be easily developed and tested. Moreover, the project 
supervisor does not have to wait until the entire program is completed in order to examine the 
initial output.  This process is of great benefit when the applet is developed by a student assistant 
supervised by a college professor. The professor is becomes responsible for the educational 
content and the pedagogical aspects while the student programmer is responsible for all 
programming issues. 
 
Design and Development: An educational Java Applet on Bipolar Transistor switching process 
 
The snapshot of the applet illustrating a Bipolar Transistor switching process is shown in Figure 
4. This applet provides a visual simulation of the switching characteristics of a bipolar junction 
transistor.  The objectives of this applet are to demonstrate the BJT switching process, to 
illustrate various physical processes responsible for the time delays, and to illustrate the effect of 
a Schottky-diode clamp. The design of the applet begins with a sketch of the entire screen view 
of the applet program. This initial sketch comes after a considerable amount of study, analysis 
and design of the subject topic to be simulated. This sketch determines the steps to follow in the 
software design and analysis. This initial sketch is an overall view of the program and takes into 

 
Figure 4: This applet has been developed following the 
software development model described in this paper.  
Several distinct graphic components comprise this 
applet and each graphic component was refined 
separately. 
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consideration the description or presentation of the problem, the detailed user interaction and 
control scenarios, and the visual presentation of the simulation result.   
 
The bipolar transistor switching process is represented by three major graphical components in 
this applet: 
 

1. The diagram of the RTL circuit where the user can toggle the input voltage between high 
(default, 3.7 V) and low (default, 0.2 V) by a mouse click. 

 
2. The graph of waveforms, which, in response to low-to-high or high-to-low input switch, 

plots various voltage and current signals as a function of the elapsed time since the last 
switching.  The specific parameters plotted are the input voltage (Vi), the input Base 
current (iB), the excess minority carrier charge in the Base (Qb), and the Collector 
current (iC). 

 
3. The excess minority carrier profile in the Base region.  This plot shows the excess 

electron concentration profile in the Base of an npn transistor.The spatial dimension of 
the Base region matches the Base width of cross-sectional diagram . 

 
The switching time delay is dynamically drawn in the waveform graphs.  Physical processes 
responsible for the time delay are shown in the plot of excess minority carrier profile in the Base 
and the plot of the space charge region of the Emitter-Base junction.  The EB junction is shown 
in the lower-right portion of the applet screen when the “EB Junction” is selected in the choice 
box on the top ‘menu bar’ of the applet.  This EB junction plot shows the junction charging 
process during the turn-on. 
 
The effect on the transistor turn-off delay time due to the placing of a Schottky-diode clamp at 
the Base-Collector junction is demonstrated in all five graphic components of the applet.  Placing 
a Schottky diode in parallel with the Base-Collector junction is represented by the contact metal 
to the Base extending into the Collector region in both the BJT cross-section and the planar BJT 
diagram, and by the diode symbol connecting the Base and Collector terminals in the RTL circuit 
diagram. The effect of Schottky-clamp is shown in the excess minority carrier plot and in the 
waveform plot. 
 
This applet program embodies a single subject topic or content that is common throughout the 
entire applet. Each development unit consists of common files. The files for this example applet 
are as shown in Figure 5. The files follow these general guidelines: 
 

1. Test<Unit>. html : This is the html page to view the applet by a web browser or by 
the appletviewer program from Sun Microsystems, inc. 

 
2. <ComponentUnit>.java : This class is the main class that implements the graphical 

drawing and the behavior of a particular unit. It is usually problem-specific and 
depends on Formula.java and the other problem-independent Library classes (Java 
core or custom library).  
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3. Test<Unit>Applet.java: This applet is a dummy applet class, just to test the 
ComponentUnit class. 

 
The file Formula.java encapsulates the theory. The variables in Formula.java have a static scope 
so that there can be only one value throughout the applet program. All the problem-specific 
component units of the applet depend on this Formula.java.  Furthermore, each screen 
component is developed in a separate refinement scope (development unit). In this example, the 
five main screen components are the circuit diagram, the BJT transistor schematic, the excess 
minority carrier profile in the Base, the waveforms and the planar BJT structure   
 
During the initial analysis of the component unit, objects with a general or reusable property are 
identified.  These objects are implemented into reusable custom library classes.  For example, 
from the development of the Resistor-Transistor logic circuit, we have designed many circuit 
reusable symbol classes into generic library classes for use in other applet projects.  These 
classes are then documented and included into our semiconductor Java class library [6]. After 
merging all the component unit class files into a single directory, the applet class that implements 
the overall simulation of the problem is developed.  This applet accomplishd the simulation of 
the entire problem by using several (five in the above example) <ComponentUnit>.java files 
from each of the refinement scopes.  In this class, a complete range of user interactions using 
graphical user interface must be implemented.   
 
IV. Evaluation 
 
We are constantly in the process of using these modules in courses.  For example, we are testing 
some of the recently developed photonics applets in a senior level undergraduate course, EE492 
Lasers and Photonics.  The evaluation is mostly based on student responses and feedback.  In this 
work we are focusing on providing the developed educational applets with the necessary context 
to stimulate student interest. At the time of writing this paper, there is insufficient feedback to 
accurately evaluate the effectiveness of this approach.  We have previously developed a number 
of applets that have been used in a number of different courses at the University at Buffalo and at 
other schools throughout the world. 
 

 Complete Applet illustrating the Bipolar 
Transistor Switching process 

RTLCircuit.java 
Tested using 

TestRTL.html 
TestRTLApplet.java 

BJT.java 
Tested using 
TestBJT.html 

TestBJTApplet.java 

WaveForm.java 
Tested using 

TestWaveForm.html 
TestWaveFormApplet.java 

PlanarBJT.java 
Tested using 

TestPlanar.html 
TestPlanarBJT.java 

Library Classes 
 

WaveFormGraph.java 
WaveForm.java 
TimeBase.java 
Amplitude.java 
Formula.java 

 

Figure 5: Example files for the BJT Switching process applet. Each component is tested 
individually and then as a complete set. 
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V. Conclusions and discussions 
 
We are currently developing and evaluating Java applets and associated materials for 
learning/teaching semiconductor and photonic systems, devices, processes and concepts based on 
ubiquitous consumer products.  Most people use some ’high-tech’ product on a daily basis that 
have embedded semiconductor or photonic devices and integrated circuits. Unfortunately, most 
people do not realize engineering and physics that comprises these devices.  The develop 
resource will provide essential teaching and learning materials that can be used at various levels 
of education and provide insight into how consumer optoelectronic devices work.  The ultimate 
goal of this work is to stimulate students to enter the exciting fields within science and 
engineering. 
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