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Abstract: 
 

The starting point of this work has been the design and implementation of a remote lab 
for the teaching of Physics of electronic devices by some members of the group of 
authors. This lab allows the experimentation of diodes, Bijuncture and J-Fet 
transistors in real time. The student does not need to install any software. After a first 
development and both, teachers’ and students’ evaluations, several changes in the 
remote lab were done to make it fit as educational resource. The students obtain 
current-voltage curves, to determine the parameters which let them to draw up the 
right physical models. Nowadays it is being tested in use, combining class attendance 
with e-learning strategies. In this paper we describe the lab and its way of using by 
students in the present stage of testing. We also discuss the first results.  

 
1 Introduction 

 
The development reached at -through the present information and communication 
technologies- allows today, in the area of scientific and technological teaching, new ways of 
getting close to knowledge based, among others, in the development of virtual as well as 
remote labs. To this respect, we may say that despite the fact that these two types of labs are 
based upon the web, the nature of the system with which each of them operates is different. 
 
The interface of a “virtual lab” works against physical phenomena and models, hiding the 
mathematical model and showing the simulated one in an interactive way. These 
developments exclusively based upon software allow analyzing situations and processes 
through the control of variables at one’s discretion, being possible to work didactically with 
them abstract concepts and hypothetical worlds. In accordance with the type of software used, 
a virtual lab may be set up locally or remotely through the web. In this last case, it is about 
distributed applications [13]. 
 
From our perspective and with the support of previous investigations [6] [10], virtual labs-
making use of their potential to the full as a means to develop capacities of exploration, 
processing and display [1] may become ideal resources and efficient auxiliaries in the 
didactical task when incorporated into the engineering curriculum, built into strategies of 
variables’ and processes’ recognition in order to construct physical models within a 
theoretical context, or into activities intended to solve problems within a technological design.  
Nevertheless what we must not forget is the fact that in this kind of laboratories, the student 
makes use of models constructed and restricted by the programmer itself, many of these 
programmers coming from the industry and not always created with educational aims. It has 
been corroborated that these are usually great simplifications of reality and it is for this reason 
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that in those cases when they are used in an inaccurate way, they can inspire students to learn 
outside a scientifically-accepted structure [8]. 
 
Besides in a “remote lab”, it is operated against a real physical process. The expression 
“remote lab” identifies that has physical equipments which do the tests locally, but in which 
the users have a remote access to them through a software-implemented interface. In this case, 
we understand that we may talk about an experimental work -in the strict sense- of a 
development of real lab practices [11], while the student operates with real devices in an 
interactive way through the web. 
 
From the perspective of the future engineer’s comprehensive training, the remote lab 
represents also- in our view- a new concept which makes the student understand the 
significance of the communication web as a resource for the generation of knowledge and the 
professional work, taking into account the analyses of the specific objectives associated to the 
performance of each practice.  
 
Also, it is important to point out that this kind of developments allows the simultaneous 
experimentation of groups of students with the same equipment, making it possible for the 
resources to be shared between different institutions and in the context of the teaching of 
experimental classes with the propose of e-learning [5]. 
 
This work starts with the design and the implementation of a remote lab for the 
experimentation and measurement in real time of the characteristics of the basic electrical 
devices. The first development of the remote lab [7] was carried out within the context of the 
final project of the Electrical Engineering degree course. 
 
In that opportunity the objectives to be fulfilled through the development of the prototype 
were: 
 

•  to obtain the characteristic curves of: (a) diode in direct polarization; (b) Zener diode; 
(c) Bipolar junction transistor (BJT) with common-emitter configuration; (d) J-Fet and 
(e) Phototransistor. 

• to test the devices in different polarizations. 
• to obtain some characteristic parameters of the devices from the results. 

 
As regards its features it was aimed to: 

• The test of several devices in the same lab. 
• The independence of the access platform (compatible with different explorers such as 

Mozilla, Internet Explorer, Opera, etc.). 
• Operating without using any kind of additions. 
• Simple, intuitive and easy-to-use interface. 

 
All in all, our top priority was to develop hardware and software at little cost in order to allow 
a user connected to internet from any PC, all models of PCs and without a high-level 
updating, to experiment and measure remotely parameters and to analyze through curves real 
semiconductor devices. In this way, even a student connected from a station such as an 
internet café, could make the experiments and there’s no need for him to install any 
complementary devices. 
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After a first evaluation carried out by the teachers in their capacity as experts, it was seen the 
necessity to make adjustments to that first development as well as some modifications in the 
interface in order to be adapted as a educational means for teaching the subject Physics IV, 
which fundamental topics correspond to electronic Physics within the degree course of 
Electronic Engineering. 
 
After this evaluation there have been made a second one, this time carried out by a group of 
students in their capacity as experts. The students selected were about to finish studying the 
subject.  
 
The evaluations made were intended to determine if new modifications were necessary to be 
introduced. After the students’ observations some modifications were made in the design of 
the remote lab which allows: 
 

• The making of the complete curve of the diode (direct and inverse polarization) in the 
same graph. 

• The display of certain areas of the curves in the tests of bipolar junction and J-Fet 
transistors which makes some physical concepts associated to the observed 
performance interesting to be discussed together with the students. 

• The carrying out of the tests made with temperature separately from the rest of the 
tests. 

 
2 Remote lab architecture 
 
In Fig.1 the remote lab architecture is schematized. 
 
 

 
 

Fig. 1: Basic scheme of the remote lab 
 
In Fig. 2 details and working order of the system are shown. 
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Fig. 2: Detail of the remote lab components and working order 
 
For the design and implementation of this prototype a National Instruments DAQ card PCI 
1200 [12], a PC (with Windows XP SP2) and a lab power supply (± 15V DC) were used. 
Beginning with that, the test selection circuit and devices were developed. In the same 
manner, a digital control circuit for feed sources was implemented in order to provide a 
continuous positive voltage power source, a continuous negative voltage power source and a 
continuous current power source. 
 
Regarding the software, a PC with Windows XP as a Web server and a .Net Framework 1.1 
platform were used. Because of the DAQ card was not compatible with the .Net technology, it 
was used an application in Visual Studio 6, working as TCP/IP server [4]. This 
communication server receives orders from the application developed in Visual Studio 2003; 
it makes the acquisition and shows the results to the Web server. The results are presented in 
standard HTML. 
 
From http://labremf4.fceia.unr.edu.ar/ one can access to the "Experimental Lab of Electronic 
Physics” without installing any additional plug-in or Java application. The operation with the 
system is very simple. The user just enters his login and password. From the main menu, if 
“new trial” is selected, the screen in fig. 3 is unfolded. From this screen, the test conditions 
can be chosen by selecting with a dropdown menu the device to be tested. The student also 
has on the screen the circuit of the test and the technical sheet of the device  
(see Fig. 3). 
 

User’s PC

Power source and
circuit selector

control

Semiconductor
devices

CC CC

S1

S2

S3

D1

D8

HAB.

Decoder

Custom Made PCB

Server

IIS 5.1
Web Server

and
.Net Framework 1.1

Server
Application

DAQ-Card

 

TTCCPP//IIPP  
RReeqquueesstt  

 

WWiinnssoocckk  
TTCCPP//IIPP  

NNII  
DDAAQQ  

DDrriivveerr  

OOuuttppuutt  
DDiiggiittaall  
PPoorrttss  

IInnppuutt  
AAnnaalloogg  

CChhaannnneellss  



Conference ICL2008                                                                September 24 -26, 2008 Villach, Austria 
 

 
 

Fig. 3: Initial trials selection screen corresponding to the diode 
 
In the first version of the system, once chosen the test to be done, the static characteristics of 
each one of the devices were obtained automatically; only when the diode was tested, the user 
could opt between obtaining automatically the resulting curves of the remote experimentation 
of the device (button “lab test”), or testing concrete points of the curve. In that first version, 
the screen showed a 20 current values list and the user had the possibility to select the one he 
wanted to test (button “test selected currents”).  
 
The remote lab evaluation from an educational perspective led to modify some aspects of the 
interface. The student was given more opportunities for the interactive control of the tests; for 
instance, in the case of the diode, with more current values in the menu (“test selected 
currents”). 
 
The remaining interfaces, which belong to the Zener diode, bijuncture transistor, J-Fet and 
phototransistor devices, were also modified. Then menus that permit to opt among concrete 
current values and/or tension, whichever applies were added. 
 
The student has the chance of testing points, segments or complete curves, according to his 
interests depending on the kind of analysis required. 
 
All this leads to the need for encouraging in the student a scientific attitude which requires the 
development of a hypothesis, observation, trial, test, making of decisions and the visualization 
of the results obtained.   
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This modification also helps to overcome the wrong idea of being doing a mocking test. The 
student has to be sure that it is a real test; that he is not seeing a simulated curve or something 
that appears on the screen as the result of a programming trick. 
 
Another modification after the teachers’ evaluations has been the addition of the test of a led 
diode.  
 
With the aim of gaining a deep understanding of the electronic devices, it is proposed within 
the subject curricula, the integration of scientific and technological perspectives. Specifically, 
moving towards a basic formation in material Physics; but, at the same time, it is studied the 
significance of that scientific knowledge in the specifications of the electronic devices. In this 
context, the subject integrates to its theoretical study, the analyses of the characteristic curves 
that appear from real measurements in the lab. 
 
The technological devices are products of the different processes of matter transformation that 
are useful to specific applications. The photodiode, the LED, and the solar cell, are considered 
particular cases of the study of one type of generic “juncture”: semiconductor-semiconductor, 
defined as a structure composed by two semi conducer materials of one element or a 
combination of different chemical elements that interact among them [2].  
 
From this perspective, the comparative analysis of the curves obtained when tested different 
types of diodes is carried out together with the composition of junctures of diverse 
semiconductor materials (germanium, silicon, gallium arsenide), with a variety of dopings. 
After that, the user can analyze differences of uses and utilities of the devices, with their 
correspondent manifestations of the I-V evaluations which are seen in the characteristic 
curves obtained in the tests. Any of the experiments can be performed every time the user 
wants; each one of them is stored in the system, so their results can be consulted or restored 
by the user at any moment. 
 
Once chosen the experiment to be done, the web server transmits the parameters to the 
communication server to achieve the acquisition. The result is shown seconds later. 
 
In Fig. 4 the screen shows the experimentation of a bipolar junction transistor. 
 
In this case, it is possible to choose the values of the common-emitter polarization circuit 
supplies and carry out a test of the device with different temperatures. In this way the student 
can do the analysis of the self-heating hfe. The student can see the static characteristics as a 
graphic and as a table. In the same way he can choose whether to obtain the complete curve, 
the desired points or the correspondent segment. The table can be exported as an XLS archive 
(Excel) and the graphic as a PNG image (see Fig. 5).  
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Fig. 4: Screen corresponding to the BJT test 
 
In Fig. 4, the bipolar junction transistor (BJT) is connected as an amplifier in common-emitter 
configuration. Both supplies are variable and independent. These voltages are controlled by 
two analog output channels of the DAQ. To obtain the BJT characteristic, the system 
measures the collector current, base current and collector-emitter voltage in each point of the 
work. It establishes the base current and then gets 32 different points of work increasing Vcc 
voltages. The same process is repeated for each base current selected. 
 
The J-Fet transistor is connected as an amplifier with supply connected to ground. Each one 
of the polarization voltages is controlled by one of the analog output channels of the DAQ. 
Up to 10 Vgs values can be selected. The Vcc is also variable, and allows tests with 
temperatures. The procedure is identical to the one of the bipolar junction transistor. Once 
polarized the J-Fet, the system increases the Vcc after each measure.  
 
To obtain a characteristic of the phototransistor as exact as possible an integrated opto-isolator 
was chosen. The procedure to do the measures is equivalent to the one of the bipolar junction 
transistor and the J-Fet since every component can be tested with any combination of supplies 
(current to diodes test, positive voltage/positive voltage on the BJT, positive voltage/negative 
voltage on the J-Fet and positive voltage/current on the phototransistor), in the future the 
devices can be replaced by new ones. The software can be improved to allow the user make 
new tests without modifying the hardware. 
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Fig. 5: Visualization of a BJT test in a normal temperature.  
The graphic of only points, values table and way to export to Excel can be seen. 

 
3 Final Considerations 
 
The remote lab is still being tested in use by students of the subject Physics IV. In this phase 
the remote lab is put into practice by a combination of class attendance and e-learning 
strategies [3]. In this context, the classroom is conceived beyond its walls since different 
resources and strategies have been added, for instance: the use of the remote lab, simulations 
(applets), hypermedia system [9] [14] and the traditional laboratory in learning experiences. 
These experiences tend to promote the development of the abilities required to have a solid 
technological-scientific education. 
 
Students’ activities include, among others, association strategies, variable, synthesis, 
integration, comparison, information search, modeling, contrasting and of design 
manipulation. This is in order to facilitate different, significant and convergent means of 
accessing to knowledge, covering the devices’ study with diverse resources from a double 
perspective: scientific and technologic. In this context, the students use the remote lab to test, 
obtain and analyze relevant current-voltage curves, segments or points of different types of 
diodes, bipolar junction transistor with common-emitter configuration and J-Fet transistors. 
These tests are carried out in different temperatures, allowing more complete analyses of the 
performance of the variables involved, in the educational moment needed: in class attendance 
or by e-learning. The activities required which are the most significant are: 
 
§ Analyses and comparison of curves – complete curves and/or segmented ones – achieved 

by tests in the remote lab, of diodes of different materials (silicon, germanium, gallium 
arsenide) in order to infer the features of the recombination process which prevail in 
every experimental condition. 
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§  The analyses of the output characteristic curves of BJT transistors, including rupture 
areas with the aim– whenever the student needs it- to deepen his knowledge about any 
device already tested in the traditional lab and also to make progress in the setting of the 
parameters which will allow him to elaborate the corresponding models. 

 
Finally, it can be said that the significant use of the remote lab in this experimental context 
facilitates the students’ access to a series of physic systems at any time and place. The lab is 
also very valuable as a means of concept integration making possible that students and 
teachers can work together interactively in class attendance, and so enriching their technical 
approaches with observations and experimental analyses carried out at the “right time”. 
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