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Teaching Circuit Design
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Class Content: Circuit Design

Model
*Equation
*Equivalent Circuit
*Data sheet

Circuit Measurement

Simulation Circuit Design \/erification
.5p|(_:E eTest
*Multisim Electrical Data
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Class Content: Circuit Design

Abstract Thinking
Model

*Equation
*Equivalent Circuit
*Data sheet

Reflective Observatjon Concrete Experience

Concrete Experience Circuit
_ _ e _ Measurement
Simulation Circuit Design \/erification
SPICE eTest
eMultisim '
ultis Electrical Data
Active documentation Active documentation

Kolb’s Learning model
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Challenge

o Circuit design uses models, simulation and measurement.
e Students have to learn to apply these tools properly.

e How can we teach it?

« Classic approach: lecture and high cost laboratory
 Web based approach: lecture and remote laboratory

« Use of ,no cost®, portable tools during class, laboratory and
at home.

— Simulation: LTSPICE (Multisim)
— Measurement: Electronic Explorer (MyDAQ)
— Data Analysis:  Excel (Matlab)
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Simulation, Measurement and Theory

Circuit Simulator
 Schematic of circuit
e LTSPICE, PSPICE, Multisim

Measurement

e Digilent (Trenz) Electronic
Explorer 350.-

» 4 channel Oscilloscope

« 32 Digital 1O

2 Arbitrary waveform generator

Power supply: 5V, +12v,-12v

Breadboard
Free software

{\m Edit Hierarchy View Simulate Tools Window Help
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Data Analysis and Model in Excel

« MOSFET Transistor i T
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— Re|a‘tive error 26 0.4 3.5 146 0.00076608 1103 0.0013237 5.30E-01
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31 2 3.5 247  0.00228%8 1103 0.0022393 4,52E-04
32 2.5 3.5 2.5 0.00231525 1103 0.0022665 A.43E-04
33 3 3.5 253  0.0023373 1103 0.0022937 3.47E-04
34 3.49 3.5 254 0.002358509 1103 0.0023028 5.66E-04
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Laboratory (List)

Feedback

— Problems can be verified
using SPICE and
measurements

— complex laboratories can be
solved

Methods

— Repetition
— Documenting results in an
electronic book

« Competencies

— Verification of results
— Critical thinking

o1

© o~ o

Data analysis using Excel
Diode measurement

Diode equation in SPICE and
Excel

MOSFET Transistor
measurement

MOSFET equations in SPICE
and Excel

Bipolar Transistor

MOSFET as amplifier
Differential amplifier in SPICE
Operational Amplifier (OpAmp)

10 OpAmp in SPICE
11. Reporting
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Laboratory MOSFET Amplifier
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Calculation (Theory), Measurement,SPICE Simulation

Comparison of Results:

Calculation Measurement | SPICE
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Number of students:46
3 Groups
Scale 1..5

Laboratory exercise was
— Difficult5, 4, 3, 2, 1 Easy

Building the circuit was
— Difficult5, 4, 3, 2, 1 Easy

Operation of measurement
equipment was

— Difficult5, 4, 3, 2, 1 Easy

How much time did you need for
measurements?

- Alot5, 4,3, 2,1 Little

How do you rate the amount of
work given the laboratory time?

— Alot5, 4,3, 2,1 Little

Quality of measurement results

Low number of students
Different instructions

Evaluation

5
B 1strun
4 - Traditional
Measurement
3 -
H1strun
7 Electronic
Explorer
14 2nd run
0 Traditional
M easurement
S &S F S
FONS K,géﬁ & B 2nd run
,Sqﬁt M & b"%? Electronic
VY % Explorer

N

Good quality of measurements

1005

80%

6 0%

40%

20%

L

EEBoard Traditional
measurement
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Summary and Outlook

Circult Design Abstact e
. . *Equation
— Model, Simulation, Measurement -Equivalent Circuit
+Data sheet

Low cost environment
— LTSPICE, Electronic Explorer

Reflective Observation Concrete Experience

Concrete Experience

— Students have more access and Simulation Circuit Design\ Measurement
. . SPICE g *Verification
motlvatlon 'MUltiSim 'TeSt )
.. *Electrical Data
—_ Repetltlve use Active documentation Active documentation
Competencies for problem solving Kolb's Learning model

— Measurement based modeling

— Circuit ideas can be simulated

— Measurement and verification of ideas
— Reflective Thinking

More investigations are needed to
Improve the set up.

Low cost equipment improves
classes and laboratories for
deep learning
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