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Integrating Lecture and Laboratory in an Analog Electronics Course
Using an Electronics Explorer Board

Introduction

It is well documented that when students have a hands-on experience with the concepts taught in
the electrical engineering classroom, a deeper understanding of the concepts can be obtained [1-
5]. Today’s students need more hands-on experience to reinforce basic concepts than students of
yesterday [6, 7]. Even so, experienced students still benefit from hands-on [8]. Students usually
get laboratory work to go along with their classes at the sophomore and junior level, but not so
much at the senior level.

Providing a hands-on experience to reinforce concepts in classes from freshmen to senior is
difficult due to resource limitations. Moreover, universities that strive to offer an outreach
program have a more difficult problem providing students with a laboratory experience. For
example, University of North Dakota offers an undergraduate degree through outreach. The
students have to come to campus for an intensive, one-week session when the laboratories are
performed.

Past efforts to successfully offer laboratory experiments as part of senior level courses in analog
electronics at the University of Idaho were largely unsuccessful for another reason,
inconvenience felt by the students. They had to be on-campus during specific times to use the
laboratory facilities of the department.

In the Fall Semester of 2010, a laboratory component was added to a senior-level course entitled
“Applications of Linear IC’s”. This course is an analog electronics course that teaches
operational amplifiers, comparators, voltage regulators and references, and applications that use
these components. A laboratory dimension was added to the course using an “Electronics
Explorer Board” manufactured by Digilent. Additional equipment included a very inexpensive
digital multimeter (DMM) that measured resistance, capacitance, and AC voltages. Along with a
personal computer, this provided students with their own “circuits and electronics” laboratory.
The classroom lectures explain the concepts included in the experiments was well as an analysis
of the circuits used in the experiments. The experiments are assigned as part of the homework
problems. The laboratory is in effect, integrated into the class and lectures. The lecture material
did not change from the previous time the class was offered. Only a laboratory component was
added to the class to reinforce the topics discussed in the lectures. This was used as a test to see
if the approach could be used in other senior level courses.

In the Spring Semester of 2011 it will be tested in a junior-level electronics course and future
plans are to test it in a freshman -level course. The overall aim is to see if a curriculum-wide
adoption of the board will be beneficial to the students.

There is a project similar to the Digilent board known as “Lab-in-a-Box” at developed at
Virginia Tech and being used by Virginia Tech several community colleges in Virginia [9]. It is
not known whether or not this available for use at other universities.



The Digilent Electronics Explorer Board

A picture of the Digilent Electronics Explorer Board is shown in Figure 1. The board features a
4-channel, 40MSa oscilloscope, a 4-channel DC voltmeter, two programmable reference
voltages, two arbitrary waveform generators, and a triple-output power supply, two of the power

DIGITAL 4 DIGITAL 3 DIGITAL 2 DIGITAL 1

- Veo
L cEREREN ausaens e

Lt LD T T

EEEREBEEEE NS
EEE R RN EEEEE
[

AHEE BEEAR AREEE EEEEE B
BEES SWAAN SEEEE EEEEE E

Figure 1: A picture of the Digilent Electronics Explorer Board

supplies being programmable. There are also digital features. These include a 32-channel logic
analyzer, a 32-channel pattern generator, and digital I/Os including button, switches, and LEDs,
to name a few. Only the analog features were used in the course.

All instrumentation is controlled by computer through a USB port and software available from
Digilent. Power is applied to the board through a 12 V DC power supply connected to 120 Hz.

In addition to being able to display four channels, the oscilloscope allows for mathematical
functions to be displayed, such as “Channel 1 minus Channel 2” for example. There is an XY
feature that is very useful for generating IV curves for two and three terminal devices. The
spectrum of the signals of the oscilloscope can also be displayed. The oscilloscope can also take
measurements of the displayed waveforms. These measurements include the maximum,
minimum, average, peak-to-peak, amplitude, DC and AC rms values of the displayed
waveforms. Frequency, duty cycle, positive and negative width can also be displayed.

The waveform generator is quite powerful. In addition to being able to generate sine, square,
and triangle waves, the user can generate custom waveforms. The numbers of possible
waveforms are endless.



The main differences between the Lab-in-a-Box (the only alternative known) and the Electronics
Explorer board can be seen in the DC power supplies, the waveform generator, and the
oscilloscope features [9].

There are three fixed power supplies on the “Lab-in-a-Box” of 5 V and + 9V. The Electronics
Explorer board has two programmable DC power supplies and one that can be operated at . Two
can be programmable between +9 V and the third can be programmed at. There are also two
voltage references on board the Electronics Explorer board that can be programmed between +
10V

The function generator on board the “Lab-in-a-Box” can generator a single adjustable sine or
square wave. There are two waveform generators on board the Digilent board. As mentioned
earlier, they can generate sine, square, and triangle waves, and also the user defined custom
waveforms.

There is no oscilloscope with the “Lab-in-a-Box”. It is recommended that the board be used
with a software oscilloscope.

Laboratory Experiments

Students check out an electronics board, a DMM, and parts. Most of the students performed the
experiments at their residence, but some chose to work in small groups in a department
laboratory that had computers in which the software required to operate the board was installed.
It was required that two of the laboratories be demonstrated to the instructor. For these, the
students brought the electronics boards to the instructors’ office where designed circuits could be
demonstrated in less than one minute. The requirements for documentation were lean. Mainly,
imported measurements and waveforms into a document and a discussion of the differences
between what was predicted and what was measured.

The experiments were designed with the following objectives in mind:

(1) The experiments should be able to able to be performed in about one hour. This includes
documentation. When necessary, as was often the case early in the semester, troubleshooting
added more time. One of the experiments was conducted over two weeks. The time
constraint was imposed because the laboratory portion of the course was given as part of the
course homework assignments.

(2) A mixture of simple, basic, experiments used to illustrate fundament concepts and
experiments that were easy circuit designs. Design assignments used the design, simulate,
build, test and evaluate procedure.

A short description of the laboratory experiments follows. For the experiments titled “Wien
Bridge Oscillator” and “Overcoming Op-amp Limitations,” sample output is presented.



(1) Introduction to the Digilent Electronics Explorer Board

This exercise was written to give the students a basic introduction to the features of the board
and to lay the framework for how to export measurements, waveform displays, and data for
the purposes of reporting.

(2) Inverting Amplifier

This exercise provided a gentle introduction to building and testing a circuit using the board
by building and testing an inverting amplifier.

(3) Instrumentation System to Measure Cantilever Deflection

This was a two-week design, simulate, build, test and evaluate experiment. A schematic of
the system is shown in Figure 2. The goal was to design the system so that vo =5 V when a
cantilever was up and vo =— 5V when the cantilever was down.

It consisted of a strain gage attached to a cantilever, a bridge circuit that required
calibrating, and a traditional three op-amp instrumentation system that required calibration.
Referring to Figure 2, the strain gage is modeled with Rgin. A 5 kQ potentiometer was used
for R.gj and was adjusted to tune Visgee to zero for the case where the cantilever was
unstressed. Rg is also a 5 kQ potentiometer and was used to adjust the gain of the three op-
amp instrumentation amplifier to achieve + 5 V (approximately) when the cantilever was
fully up or down.
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Figure 2: An instrumentation system to measure deflection of a cantilever.

(4) Second Order Active Bandpass Filter

This was a design, simulate, build, test and evaluate experiment. The schematic for the
circuit is depicted in Figure 3. It is the well known Infinite Gain, Multiple Feedback



topology. The students designed the filter to meet at set of target specifications for the center
frequency, the gain at center frequency, and the bandwidth. These parameters were
measured and the values compared to hand calculations and simulations.
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Figure 3: A 2" order bandpass circuit using the Infinite Gain, Multiple Feedback topology.

(5) Non-Ideal Op-Amp Effects

Students measured the upper and lower saturation voltages, maximum source and sink current,
and slew rate of a 741 op-amp. A unity gain buffer with a square wave input of 5 V peak is used
to measure the slew rate. A plot of the input and output of the unity gain follower is depicted in
Figure 5. Cl1 is the input to the unity gain follower and C2 is the output. Slew rate for both a
decrease and increase in output voltages are determined by measuring the positive and negative
voltage slopes of the output voltage.

To discuss overcoming the current limitation of an of-amp, a push-pull amplifier is built and DC
transfer curves are generated. The push-pull amplifier consists of the two transistors and two 68
Q emitter resistors depicted in inverting amplifier Figure 5. The DC transfer curve for the push-
pull amplifier is depicted in Figure 6.

An inverting amplifier with a gain of 10 V/V driving a 47 Q load is built and tested to
demonstrate the current limitations of the op-amp. The current limitation is detectable by
observing that the output waveform is clipped. A push-pull amplifier is added inside the
feedback loop, demonstrating a method for overcoming the current limitation. Figure 7 shows
the input and output voltages for the circuit of Figure 5. A small amount of cross over distortion
is noted.
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Figure 4: The input and output of a unity gain follower used to measure slew rate. C1 is the
input to the unity gain follower and C2 is the output.
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Figure 5: An inverting amplifier employing a push-pull circuit to drive 47 Q load.
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Figure 6: The DC transfer curves for a push-pull amplifier.
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Figure 7: The input and output of a inverting amplifier with a push-pull circuit. The output
waveform shows crossover distortion.



(6) Inverting Amplifier in Single-Supply Operation

Students demonstrated that a 741 op-amp can be used in single-supply applications. The
inverting amplifier demonstrated the need to consider DC biasing of the op-amp and
capacitive coupling of the input and output to the amplifier. The circuit is depicted in
Figure 8. The two 47 uF capacitors are coupling capacitors. For DC, they are treated as
open. The voltage at the positive terminal is biased at Vcc/2 or 4.5 V by the voltage
divided formed by Rp; and Rp;. Since the DC circuit has feedback, the voltage at the
negative terminal is also at 4.5 V. Since no DC current flows through R2, there is no
voltage drop across it and vop = 4.5 V. Thus, the input and output terminals of the op-
amp are biased at Vc/2.

For AC operation, the circuit functions as an inverting amplifier with a gain of Ro/R; =10
V/V. The voltage at vpoa consists of 4.5 V DC plus the signal due to v;. The 47 uF
capacitor at the output filters the DC component of voa, leaving only the signal
component due to v; at vo. For this circuit, vo/vi = -Ry/R;
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Figure 8: An inverting amplifier operating in single-supply mode.

(7) Wein Bridge Oscillator

A Wein Bridge Oscillator is built to demonstrate feedback concepts and voltage stabilization of
oscillators using non-linear devices (diodes in this case). The schematic of the Wein Bridge
oscillator is shown in Figure 9.

Figure 10 shows the output of the Wein Bridge Oscillator and Figure 11 shows measurements
taken by an oscilloscope function. The frequency, maximum and minimum values are measured.

Figure 11 shows the spectrum of the output of the Wien bridge oscillator using the spectrum
analyzer feature of the oscilloscope. The table shows the values of the harmonics.
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Figure 9: A Wein Bridge oscillator with voltage limiting circuitry
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Figure 10: The output waveform of Wien Bridge oscillator.
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Measurements

Figure 11: Measurements for the Wien Bridge oscillator. The measurements include maximum
and minimum voltages and frequency of oscillation.
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Figure 12: The spectrum of the output of the Wien bridge oscillator. The table shows the the
values of the harmonics.

(8) Basic Comparator Circuits and Power Supply Monitor.

In this laboratory, students displayed the DC transfer curves of a 311 comparator in both basic
and emitter-following configurations. A power supply monitor was built to illustrate the concept
of a window detector using comparators. The schematic for the power supply monitor is shown
in Figure 13. The heart of the circuit is a window detector formed by the two comparators and
Ri, Ry, and R3 used to sense when VP+ is within =+ 5 % of 8 V. The zener diode Z; forms a
reference for the window detector and Rs biases Z;. The output circuit consists of resistor Ry,
Rg, LED; and Q;. The value of R4 determines the amount of base current supplied to Q; when



Qi is on. The value of Ry sets the current level of LED; when LED; is on. LED; is on when
VP+is within+ 5 % of 8 V.

This was a design, simulate, build, test, and evaluate experiment.
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Figure 13: A power supply monitor. The heart the circuit is a window detector.

Assessment

Non-formal methods were used to assess the effectiveness of the laboratory exercises. This
includes observations and a student survey.

Using the board did not seem to negatively impact student performance. On the whole, most of
the students seemed to enjoy the course much more than in the past. It is hoped that in the future
this will motivate students to perform better in the conceptual side of the class.

Even as seniors, students showed signs of a lack of basic laboratory skills at the beginning of the
course. This included circuit construction so that the circuit could be easily debugged if
necessary and building a circuit in “parts” and testing as each part was included. Debugging
skills were lacking as well. By the end of the semester, skills in each of these three areas
improved significantly in many cases.

A survey was completed by fourteen students. The results of the survey are presented in Table 1.
Generally, the results show that the students felt the laboratory reinforced the concepts discussed
in class. Importantly, most students agreed or strongly agreed that the laboratory assignments



added value to the class and be kept as part of the class. Development of formal assessment
tools are planned for future courses.

Present and Future work

There are several activities being conducted in the Spring Semester of 2011 to determine if and
where the board will be useful in the EE curriculum at the University of Idaho. The board is
being used in a junior level electronics class. Experiments utilizing the board are being
developed for a introductory freshman level electrical engineering course. It is also being used
for a senior design project for an engineering outreach student.

Table I. Data from a classroom assessment.! A total of 14 students participated in the survey.

. Avr.

Question
Score

The laboratory portion of the course using the Digilent board added value to the course. 46
The laboratory assignments helped solidify basic fundamental concepts discussed in class. 45
The laboratory assignments helped solidify basic fundamental concepts discussed in class in
ways that traditional assignments do not. 4.4
The laboratory assignments helped solidify basic fundamental concepts discussed in class in
ways that simulations do not. 42
The length of the laboratory assignments was appropriate. 3.9
By the end of the course, | become stronger at building and testing electronic circuits. 44
By the end of the course, my practical skills in electronics became stronger. 44
By the end of the course, my practical knowledge in electronics became stronger. 41
If I had to do it again, | would prefer the lab assignments in ECE 416 were kept. 44
I found that the Digilent board was easy to use. 44
I found that the Digilent board was more convenient to use than a regular laboratory. 43
I found my laboratory experience using the Digilent board to be as good as it would be in a
one of the EE department’s laboratory. 4.1
I would have liked to have had the Digilent Board in ECE 210 (assuming it would be used in at
least ECE 210, 212, and 310). 3.9
I would have purchased the Digilent Board at some point in my undergraduate had it been
made available. 33

"' Scale 5 = strongly agree, 4 = agree, 3 = neutral, 2 = disagree, 1 = strongly disagree.




Summary

A description of an “Electronics Explorer Board” used in a senior level analog electronics course
at the University of Idaho has been presented. A set of experiments using and the
implementation and results have been discussed. The experiments are designed to be part of the
homework assignment. The outcome of the course was positive. Not only did laboratory skills
improve, but students generally felt that the basic concepts discussed in class were more
meaningful. Moreover, they enjoyed it.

The key features of the board that make it useful in the classroom are convenience, ease of use,
and powerful features. These features make it very easy to bring the laboratory experiments into
the classroom when compared to having to be on-campus in a traditional laboratory setting.
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