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Electronic components, by their physical principles of operation, do not fundamentally differ one from another in analog or digital signal processing. They are distinguished by their characteristics, in fact, the emphasis is on the electrical characteristics. This article aims to address more specifically the study of the static and dynamic characteristics of the main electronic components with 2 and 3 pins. The work consists of making a circuit to test and plot the electrical characteristics of electronic components using NI myDAQ, a portable data acquisition device that uses NI LabVIEW-based software instruments on a PC. The comparison of the real experiments to simulated ones using NI Multisim simulation software is also addressed. The designed circuit will allow students to measure, analyse and process physical signals acquired from electronic components and control simple processes anytime and anywhere. NI myDAQ is ideal for exploring electronics and for taking sensor measurements. The objective of our work is to develop a circuit, which makes possible tracing the electrical characteristics of electronic components. After making the circuit, we have developed programs in the NI LabVIEW environment, which allowed us to trace these different electrical characteristics, namely the current-voltage I-V and power-voltage P-V characteristics. We measured in an automated way, the current, the voltage, the power, the spectral response and plotted the curves of different characteristics of a resistor, a diode, a Zener diode and a transistor. Our results show that the characteristics measured have almost the same appearance given by the manufacturer.

INTRODUCTION

Today we live in the era of rapid technological applications in different fields. This speed of development is linked to the efficiency and performance of the electronic components. However, regardless of their method of manufacture, there are significant differences in electrical characteristics depending on the components, whether 2-pins or 3-pins. It is difficult to take full advantage of these electronic components without understanding their principle of operation, therefore, it is important to study their static and dynamic characteristics, especially the electrical characteristics. It is in this context that we will create a circuit that allows students to measure and plot the electrical characteristics of electronic components using NI myDAQ, and analyse them.

Since the '80s, a series of articles have dealt more specifically with the principles of operation and the study of the static and dynamic characteristics of the main components of power electronics currently used. Lee et al., studied the Current-Voltage and Capacitance-Voltage characteristics of field effect transistors. They started with the description of the new control model and then calculated the I-V characteristics using a two-part linear approximation of the velocity (as in [START_REF] Delagebeaudeuf | Metal-(n)AlGaAs-GaAs two dimensional electron Gas FET[END_REF], [START_REF] Lee | Current-Voltage and capacitance-Voltage characteristics of modulation-doped field-effect transistors[END_REF]). Fogarassy et al., analysed the current-voltage characteristics of PN junctions fabricated in silicon using short laser pulses and high powers [START_REF] Fogarassy | Caractéristiques courant-tension de jonctions PN fabriquées par traitement laser[END_REF]. Rachedi et al., presented an analytical method to study the I-V electrical behaviour of a diode based on silicon carbide (SiC). The examination of its I-V electrical characteristics, which makes possible extracting the main parameters that characterize it was carried out, in particular, the saturation current, the series resistance and the coefficient of ideality. The analysis of the thermal behaviour of the diode at low and high temperatures has been presented [START_REF] Rachedi | Analyse des caractéristiques IV des jonctions PN à base de SiC[END_REF]. Ahmadi et al., studied the current-voltage characteristics of a silicon nanowire transistor, the work was concentrated on the ultimate saturation control processes. Additionally, the quantum confinement effect on the ohmic mobility and saturation velocity were evaluated and used to find the current-voltage characteristics [START_REF] Ahmadi | Current-voltage characteristics of a silicon nanowire transistor[END_REF]. Tibermacine et al., have done experimental work whose objective is to extract the electrical and optical characteristics of two light-emitting diodes at different wavelengths, namely 565 nm and 612 nm. A program under the LabVIEW environment that allows measuring, in an automated way, the electrical and optical characteristics of different light-emitting diodes has been developed. Indeed, different characteristics of different diodes have been studied, including the current-voltage (I-V) characteristic, power-current (P-I) characteristic and spectral response [START_REF] Tibermacine | Caractérisation électrique et optique des diodes électroluminescentes[END_REF].

By analysing these works, one can find that few models that allow tracing the characteristics of electronic components are carried out on the manufactured device itself, with the exception of final quality checks, but most often on control slices or on devices test [START_REF] Lyakas | Analysis of non ideal schottky and pn junction diodes / extraction of parameters from I-V plots[END_REF]. The same situation is also for tracing the I-V characteristic of the study structure, which makes possible to determine the values of the series resistance and of the leakage current, as well as the nature of the current involved in the space charge zone [START_REF] Mathieu | Physique des Semiconducteurs et des Composants Electroniques » masson 6ieme edition[END_REF]. A common method of testing or diagnosing diodes is to plot the I-V characteristics using an oscilloscope or a curve plotter. This method is effective but it is complicated to implement because it must be carried out in the laboratory, which makes this test very expensive in money and time. Moreover, the use of a portable multimeter is not always reliable or effective because this type of device is designed to measure only the value of the direct threshold voltage and not the indirect avalanche voltage of the Zener diodes [START_REF] Kalli | Conception et réalisation d'un Testeur de diode Zener[END_REF]. This article approaches more specifically the study of the static and dynamic characteristics of the main components of power electronics currently used, having the objective to obtain a circuit which allows students to measure, analyse and trace the electrical characteristics of the electronic components and compare them with the simulated ones obtained by using NI Multisim and NI Multisim Live. To achieve the objective, a program was developed under the NI LabVIEW programming language that controls the NI myDAQ device, which will allow measuring the I-V characteristics of the studied electronic components. The developed application will allow measuring the current, voltage, power, and spectral response in an automated way, and drawing the curves of different characteristics of a resistor, a diode, a Zener diode and a transistor.

The resulting device allows the student to very easily characterize electronic components and understand their behaviour. NI myDAQ is a student-oriented device that can be used connected to a PC/laptop without any other power supply or additional resources to increase the area of use, in the laboratory or in the home environment, offering instruments such as oscilloscopes, function generators, digital multimeters, bode analysers or dynamic signal analysers [10]. Therefore, based on the NI myDAQ device and the LabVIEW programming environment, the student can easily develop hands-on experiments based on their own concepts for electronic components for better learning outcomes. By combining real measurements with the simulated ones, the students can better understand the electronics components' behaviour. The simulation can be done using a SPICE simulator, such us the NI Multisim desktop version or NI Multisim Live free web based online SPICE circuit simulator.

Even if there are cheaper solutions on the market, such as Arduino-based platforms, the high-precision and high-performance instrument set provided by NI myDAQ offers a better solution when high-precision and high-accuracy measurements are required (as in specialized laboratory works for students from the Applied Electronics or Mechatronics study programs). NI myDAQ are used in different domains at different levels, from the education level to the research and industrial levels. Klinger et al developed a remote lab dedicated for electronics engineering [START_REF] Klinger | Low-cost Remote Laboratory Concept based on NI myDAQ and NI ELVIS for Electronic Engineering Education[END_REF] based on NI myDAQ and NI ELVIS II. A laboratory for studying DC micro motors called Pocket Lab is described in [START_REF] Anishchenko | Pocket Labs Development Using NI myDAQ Data Acquisition Device[END_REF]. A device based on NI myDAQ dedicated for measuring sub-nono ampere current with high precision was proposed in [START_REF] Sato | High Precision Measurement of Sub-Nano Ampere Current in ATE Environment[END_REF], while a single channel EEG measurement device developed around NI myDAQ is described in [START_REF] Wang | Using myDAQ and LabVIEW to Develop a Single-Channel EEG for a Multi-modality Epileptic Seizure Detection Platform[END_REF]. A full characterization system for renewable energy sources developed around NI ELVIS, NI myDAQ and NI myRIO devices is presented in [START_REF] Cotfas | Design and implementation of RELab system to study the solar and wind energy[END_REF]. He et al. describe in [START_REF] He | Monitoring multi-respiratory indices via a smart nanofibrous mask filter based on a triboelectric nanogenerator[END_REF] a research medical device that includes NI myDAQ device for respiratory parameters measurements and monitor. This paper will show how NI myDAQ, LabVIEW and Multisim can be used to design and develop a very useful learning device for and by students for the electronic components study, which can increase the attractiveness of the engineering domain and also the creativity of students.

The rest of the paper is structured as follows: in section 2, the theory of electronic components of interests and the experimental setup (simulated and hands on) are discussed. The results obtained by using the proposed circuit and discussions about them are presented in the section 3, while section 4 is dedicated for conclusions.

METHODOLOGY

Characteristics of Diodes and Transistors -Theory

Characteristics of Diodes

If an intrinsic semiconductor is doped in one region with donors (n-type) and in another region with acceptors (p-type), a PN junction is obtained, and by adding the connection terminals and encapsulating it, a diode is obtained.

We can act on the potential barrier formed in the pn junction by applying an external voltage. If a negative potential is applied on the n side (direct polarization), the potential barrier is lowered and facilitates the circulation of charge carriers. Otherwise, by applying a positive potential on the n side (reverse polarization), the potential barrier is reinforced and the circulation of charge carriers is blocked. The diode is therefore a semiconductor element, which easily lets current flow in one direction in direct polarization and blocks it completely or almost, in reverse polarization.

In semiconductor physics, it is shown that the current flowing in a diode is described by the following equation 2.1 [START_REF] Toure | Application of Artificial Neural Networks for Maximal Power Point Tracking[END_REF][18]

𝐼 𝐷 = 𝐼 𝑆 (exp ( 𝑈 𝐷 𝑛𝑉 𝑇 ) -1) 2.1
VT, the thermal potential equivalent to the thermal energy kT of the charge carriers, q

𝑉 𝑇 = 𝑘𝑇 𝑞 ≈ 26𝑚𝑉 𝑎𝑡 𝑇 = 300𝐾 2.2
where k is the Boltzmann constant and q, the elementary electric charge; IS, the reverse saturation current of the junction (order of magnitude: a few tenths of nA); n, the technological factor depending on the type of diode and the way in which it is manufactured (it is generally between 1.3 and 2 for diodes and is practically 1 for bipolar transistors).

The characteristic of a semiconductor diode is illustrated by the curve in Fig. 1 [19]

Figure 1. I-V characteristic of a diode

Zone 0A: the diode is polarized in the direct sense, but the voltage is too low to unblock the junction: forward blocking zone;

✓ Zone cd: voltage V begins to unblock the diode; this is the elbow zone;

✓ Zone de: the diode is conductive; it is a linear zone;

✓ Zone Ob: the diode is reverse polarized; this is the reverse blocking zone;

✓ Zone ba: the intensity increases suddenly; this is the breakdown zone.

Characteristics of Transistors

A bipolar transistor is a semiconductor-based electronic device. Its operating principle is based on two PN junctions, one forward and the other reverse. 

Figure 2. Schematic diagram for reading the transfer characteristics IB=f(VBE) [20]

This characteristic is generally given for different values of the voltage VCE, which justifies the second voltage source in the assembly.

As expected, the shape of the current-voltage characteristic of a diode was found. There is a current in the base only for VBE>0.

B. Output characteristics IC=f(VCE)

In the circuit shown in Fig. 3 a [20], a base current is set first in order to have a collector current. This is the role of the voltage source VBEO. Secondly, VCE is varied and for each value of VCE the corresponding current IC is recorded (Fig. 3 b).

a. b.

Figure 3. Schematic diagram for recording the transfer characteristic IC=f(VCE) [20]

The characteristic has 3 zones:

✓ Saturation: the BE and BC junctions are conducting; IC strongly depends on VCE (but practically not on the value of IB);

✓ Linear: the BE junction is conducting and the BC junction is blocked; IC is practically independent of VCE, but is proportional to IB;

VCE VBE Ic Ib VCE VBEo Ic Ib IB [A] VBE [V] O -5 to -7 0.7 IC [mA] VCE [V] O 0.7 VCE max

Linear

Breakdown Saturation ✓ Breakdown: beyond a maximum value of VCE, the base-emitter junction goes into avalanche.

If the IB is modified, a family of characteristics is obtained.

Simulation and Hands-On setup

The usual method of testing or diagnosing diodes is to measure their I-V characteristic using a curve tracer that supposes using a source measure units (SMU), such as Keithley 2400 or Keysight B2900, which are performant devices but could be very expensive for students or even for laboratories. Therefore, for studying the I-V characteristics of the electronic components at education level more accessible solutions can be found. Based on SPICE simulators, the study of the electronic components can be done through simulation, while based on Commercial off-the-shelf (COTS) devices, the study can be done through real experiments.

Simulation setups

Nowadays many SPICE software packages allow making design and simulating electronics circuits. The companies offer SPICE simulators in two variants: a desktop version, which supposes installing the software on the PC and an online version that is web-based software, which supposes using a web browser for accessing the simulator that runs on the cloud.

NI offers its SPICE simulator on both versions, desktop and online. The online version is called NI Multisim Live, which can be accessed at the following link: https://www.multisim.com/. By creating an account on the Multisim Live site, the user can access freely the basic SPICE simulator having access to a very large list of circuits developed by the community (see Fig. 5). The premium version of the Multisim Live simulator can be accessed for a fee. By selecting the Create Circuit button, the Multisim online simulator is initialized and a new circuit can be designed.

In our case, a circuit for studying the I-V characteristic of the electronic components was designed. In Fig. 6, a simple circuit for the diode study is shown. In this circuit, the diode D1 is a 1N4001 diode model that was modeled using the SPICE parameters took from the diode model of the Multisim desktop version. A triangular voltage power supply was used in order to generate a ramp voltage between -54V to 1V, which covers the entire voltage domain for the 1N4001 type diode. For current limiting, a 1Ω resistor was used. Based on the Interactive simulation and using a current-voltage probe, the current and voltage through diode was obtained (see Fig. 6). The date from the graph can be exported as csv files and using the Excel software, the I-V characteristics can be obtained. The circuit can be saved as a private or public circuit. In the last case, the community can access and use it.

Figure 5 Multisim Live public circuits interface Figure 6 Diode study in Multisim Live

Using the desktop version of the Multisim software, the I-V characteristics can be obtained in many ways. The simplest is to use the I-V analyzer instruments, which allows studying the I-Vs of the components with two and three pins. Another solution is to use the DC sweep analysis offered by Multisim (see Fig. 7 a). In this analysis, the voltage of the V2 DC power supply is varied and the diode current is recoded as can be seen in Fig. 7 b. In the same manner, circuits for three terminals can be developed. a.

b. 

Hand-On setup

The hands-on system is based on a NI myDAQ device used for data acquisition but also for generating the stimulus for the testing circuits. The control application was developed in the LabVIEW graphical programming language (see Fig. 8).

Figure 8 The testing system for electronic components with two and three pins

A circuit was designed and realized to measure the I-V characteristics for resistors, diodes and transistors on the same PCB with a suitable connector for NI myDAQ. For the design of this circuit, we used the Multisim simulation software (Fig. 9 a) and Ultiboard for the design of the PCB (Fig. 9 b).

a. b.

Figure 9 Scheme and PCB design of the circuit for electronic components characterization

For the realization of the circuit in accordance to the specifications, we used the following components:

-NI myDAQ, a National Instruments product for powering components through the analog outputs (AO0 and AO1) and performing voltage measurements at the terminals of the components through the analog inputs (AI0 and AI1) as well as the currents crossing them using the digital multimeter (DMM);

-Two operational amplifiers, one is used to amplify the current and voltage of the analog output AO0, which supplies the resistor, diode or base of the transistor under test, and the other is used to amplify just the current of the analog output AO1 of myDAQ, which supplies the collector of the transistor to be tested;

-The ammeter of the NI myDAQ used for measuring the different current intensities through the studied components;

-A switch, which connects the analog inputs to the terminals of the resistors and diodes. This is to avoid a possible connection of the outputs of the two amplifiers, which is not desirable.

The programming part is carried out under the LabVIEW environment; the objective is to acquire the voltage at the terminals of the components (resistor, diode, Zener diode or transistor) and the current, which crosses them using the analog outputs of NI myDAQ. The measured quantities will then be processed and the different characteristic curves will be observed on the graphs using the analog input channels of NI myDAQ.

RESULTS AND DISCUSSONS

This approach was applied to automatically measure the current and voltage at the terminals of the electronic components, precisely two resistors (220Ω and 1kΩ), a diode (4V3Z), an NPN transistor (BC174B) and plot the curves of these different characteristics. A program was produced for each of these components using LabVIEW.

Resistors test

To test the proposed circuit in the case of a resistor, the voltage domain was established between 0 to 10V, which can be limited in order not to overpass the maximum dissipated power on the studied device or maximum delivered power by NI myDAQ. The I-V and P-V characteristics for 350Ω resistors measured using the developed circuit are shown in Fig. 10. One can notice that the linear and parabolic shapes of the I-V and respective P-V characteristics are obtained. By a careful analysis of the I-V characteristic in Fig. 10 a, one can notice that the characteristic does not pass right through the origin 

Diodes test

In the case of diodes test, the developed circuit allows varying the polarization voltage of the diodes between +10V and -10V considering the maximum current through the diode. The I-V and P-V characteristics measured for a 4V3Z Zener diode are shown in Fig. 11.

Transistors test

The test of transistors was done measuring electrical characteristics at the input and output of a transistor NPN according to the Figures 2(a) and 3(a).

The circuit allows measuring the input characteristics IB=f(VBE) and output characteristics IC=f(VCE). Fig. 12 shows the output characteristics for the BC174B npn transistor. From these characteristics, one can observe the three working zones of a transistor.

Using the developed circuit together with NI myDAQ and Multisim, either the desktop or the online version, the students can study in both approaches, hands-on or simulated, the behaviour of the two or three pins electronics components. Using the facility of the NI myDAQ software package, the simulated and measured data can be imported and analyzed in the same interface. At the same time, the student can observe the pros and cons of each approach. For example, in the case of the hands-on experiment, different measurement errors can occur (offset, noise, ...) and students should understand the causes that lead to their occurrence and how to eliminate them. In the case of simulation, the issues are different, such as: lack of existing models or poor model for the studied components, or the components are considered ideal ones and they do not deal with disturbing factors as in the case of real experiments.

Combining the two approaches, the students can increase the number of experiments and the ways of conducting the experiments in the laboratory or in the home environment (using the "pocket lab" concept with devices like NI myDAQ). The developed circuit was used for testing two pins components, such as resistors and diodes, and three pins components, such as npn transistors. The results shown that the circuit fulfil the requirements to study such electronic components. The bipolar power supply offered by NI myDAQ allows components characterization in the third and first quadrants, covering the reverse and direct polarization in the case of diodes, and by using the ammeter and analog input channels, the current and voltage on a large domain is enssured.

The LabVIEW and Multisim software packages offer students the possibility to compare the measured data with the simulated ones, increasing the chance of a better understanding by the students of the components' behaviour. At the same time, the students can design their way of testing, which can be exploited to increase the creativity of the students in the domain of electronic component testing.

Based on the obtained results, which are very well matching to the theoretical ones or those offered on the components datasheets, one can conclude that the proposed circuit works well but leaves perspectives. As a perspective, one can consider the possibility to add new facilities for power electronics components characterization.

  There are two types of bipolar transistors: NPN and PNP. If the positive directions of the currents and the tensions are adopted, then the currents and the tensions are positive for the NPN and negative for the PNP.A. Input characteristics IB=f(VBE)This is the characteristic that connects the two input quantities: base current IB and transmitter base voltage VBEThe circuit for plotting the characteristic IB=f(VBE) is shown in Fig.2a. The voltage VBE is varied and the corresponding base current is recorded (Fig. 2 b) [20]. a.b.

Figure 7

 7 Figure 7 Diode study circuit in Multisim desktop version; a. circuit; b I-V characteristic of diode

  graph. This is attributed to the existence of an offset in the voltage measurement, which can be eliminated through right calibration.

Figure 10

 10 Figure 10 Current-Voltage and Power-Voltage characteristics for the 1kΩ resistor

Figure 11

 11 Figure 11 Current-Voltage and Power-Voltage characteristics for the 1kΩ resistor