
Analog Electronics – 2. EUETIB / UPC.                                                   NP Activity: Capacitance Meter. 
____________________________________________________________________________________ 

_____________________________________________________________________________________ 1

  
 

 
‘NP’ ACTIVITY: DESIGN, SIMULATION AND 

IMPLEMENTATION OF A CAPACITANCE METER. 
 

Course: Analog Electronics – 2 (EA–2). Course Code: 15510. 
Degree: Industrial Electronics (morning and evening groups).   Semester: 3rd. 

Professors: Herminio Martínez & Guillermo Velasco. 
Department: Electronics Engineering (UPC). 

 

 
 

1.- RECOMMENDATIONS AND NORMS FOR THE ACCOMPLISHMENT 
AND PRESENTATION OF THE ACTIVITY. 

 
 In order to carry out the current NP (Non-Presential) activity, the students of the 
course must fit to the following indications: 
 

1. The activity will be made in groups of, at the most, two students. 
2. During the fourth–month period, the professor in charge to evaluate the non-

presential activity will call each group to report to him/her on the development 
of the activity, correcting, if necessary, its evolution. 

3. The final presentation of the activity will consist of the physical circuit plus a 
typewritten final technical report in electronic format. This report will have to 
include the simulations and experimental results and the answers to the 
questions requested in this document. Guidelines for producing this technical 
report can be found below in section 4.1. 

4. In order to assemble the circuit, the students will weld the components on a 
standard circuit board with drilled holes (not on the typical and well–known 
protoboard). 

5. Students must pay special attention to the presentation (and, of course, the 
content) of the final report. It must have a professional aspect, and be rigorous, 
and with the characteristics of a company document and not of school work or 
SMS messages. 

6. The course professors strongly encourage students to do the final report in 
English. Therefore, the ‘official’ language of the final report will be English. 
However, Spanish or Catalan will be also allowed. 

7. If the final report is written in English, and the Work Qualification (WQ) is 
higher than 5.0, an English Qualification (EQ) will be added to WQ in order to 
obtain the Final Qualification (FQ) according to following expression: 
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 Notice that if the English Qualification (EQ) is higher than 5.0, it will 
always increase the final qualification (FQ) of the work. However, if EQ is 
below 5.0, it will not reduce FQ. 

8. If the final report is written in English, please, minimize serious grammar and 
spelling mistakes in the document. Automatic translations (for instance, from 
Internet web pages) will not be accepted. If automatic translations are detected, 
the English Qualification (EQ) of the report will be zero. 

9. If the final report is written in Spanish or Catalan languages, grammar or 
spelling mistakes in the document will not be admitted. 

10. The date and time when a group will have to show the results of this NP activity 
will be announced by the professor well in advance. 

11. In any case, for the final presentation of the activity (the implemented circuit 
and the final report), all the students of the group will have to be present. The 
professor will make to each one of the group’s students the pertinent referring 
questions that will reveal the involvement of each individual in the system 
design and its implementation. 

12. Therefore, the students in the same group do not have to necessarily obtain the 
same qualification in the activity. 

13. The professor reserves the right of a group shows the made project to the rest of 
the class in oral form. 

 
 On the other hand, students are advised to follow these recommendations for a 
successful accomplishment of this activity: 
 

1. Before beginning to work, read the document in detail in order to plan the tasks 
that must be done by the members of the group. 

2. Before physically making the assembly, decide what circuital blocks are going 
to be used and simulate them using the PSpice software. Understand well the 
utility and operation of the project as a whole. 

3. In case of doubt or queries on the design or its implementation, talk to your 
professor at visiting hours. 

 
 

2.- OBJECTIVES OF THE ACTIVITY. 

 
 The objectives of this activity are the design, simulation and physical 
implementation of a capacitance meter. This circuit will allow you to measure different 
kinds of capacitor in the Electronics Laboratory, typically from pF to μF.  
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3.- ACTIVITY OVERVIEW. 

 
 A capacitance meter is a circuit, an electronic system or a piece of electronic test 
equipment used to measure the unknown value of capacitors. Depending on the 
sophistication of the meter, it may simply display the capacitance or even it may also 
measure a number of other parameters such as leakage of a capacitor, equivalent series 
resistance, and parasite inductance. 
 

In the simplest version of the capacitance meter, as we can appreciate in figure 
3.1, it consists of a first block, which we will call conversion block, that obtains a 
voltage or current at its output terminal v1(t) that is function (preferably a linear 
relation) of the unknown capacitance. Therefore, measuring the value of this electrical 
magnitude, we can determine with more o less accuracy the value of the aforementioned 
unknown capacitor. 
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Fig. 3.1.- Simplified block diagram of a capacitance meter. 
 

In addition, in order to obtain this unknown value another alternative for the 
conversion block is possible: To achieve an AC signal at the terminal v1(t) (a sinusoidal, 
square, etc. waveforms), whose frequency, period, duty cycle, amplitude, etc. is a 
function of the capacitance. 

 
In both alternatives, a second block, the presentation block (consisting of both a 

quantification sub-block and a final value presentation sub-block), is also necessary. In 
fact, the first one, the quantification sub-block, has to determine the value of the 
unknown capacitance from the electrical variable (voltage, current, frequency, duty 
cycle, etc.). Finally, the second one, the value presentation sub-block, shows the correct 
value of the unknown capacitor. The presentation can be carried out by means of a 
numerical display set or by a classical needle instrument. 
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Notice that this presentation block can be implemented by means of an analog or 
digital tester. 
 
 

4.- ACCOMPLISHMENT OF THE ACTIVITY. 

 
As it was previously said, the electronic design that has to be carried out will be 

a capacitance meter. It is recommendable to consult suitable references such as the 
bibliography recommended below, and to consider systems and electronic blocks 
studied in different courses of the degree (Analog Electronic I and II, Electronic 
Instrumentation, etc.). 

 
 The aforementioned capacitance-meter instrument will be formed by the 
following blocks (see figure 3.1): 
 
 The conversion block with the scale selection. It is important to define your 

measurement range; that is, the minimum and maximum values that your capacitor 
meter will be able to measure. In order to extend the range, you can use different 
scales with a proper scale selector 

 The presentation block. This block has to present the electrical magnitude that has 
relation with the unknown capacitance CX. In its simplest version, this block can be 
implemented by a tester. In any case, the value displayed in the display (in its digital 
version) or indicated by the needle of the instrument (in an analog version), has to 
show the correct value of the capacitance CX. 

 
4.1.- Procedure and Guidelines. 
 
 In order to carry out the design, simulation and assembly of the capacitance 
meter, it is recommended to follow the following guide: 
 

1. Compile information about the topic, thanks to the bibliography presented at the 
end of this document. 

2. Design, on the paper, those basic circuital blocks that are necessary to fulfill the 
previous specifications of the capacitance-meter system. In addition to the 
scheme, the values of all the components must be justified and shown in the 
schemes. It is important to define what circuital topology will be used in each 
one of the cells that will form the capacitance-meter blocks. 

3. Once the values of the system have been obtained, the transient response or 
behavior of the circuit will be simulated using OrCAD-PSpice® software. 

4. Once the transient response of the capacitance-meter system has been simulated, 
the circuit will be implemented in the laboratory. 

5. Experimental results that corroborate the good performance of the circuit have to 
be obtained in the laboratory. 

6. Finally, the technical report that compiles all the process of theoretical design, as 
well as all the simulation and experimental results, must be carried out. 

 
 In addition to any other information that the students consider suitable, the report 
must include the following items: 
 

 Introduction section to the performed project. 
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 Theoretical operation of the designed system. 
 All the electronic schemes. 
 Calculations and/or justification of the values of all the components used in 

the design. 
 Simulation results obtained with the PSpice program, commenting them in 

detail. 
 Experimental results (with graphs, tables, etc.) obtained in the laboratory 

that corroborate the operation of the capacitance-meter system, 
commenting them in detail. 

 Complete listing of all the components used in the circuit. 
 Economic budget of the implemented prototype. 
 Final conclusions and commentaries. 
 Used and consulted bibliographical references. 
 

 

5.- BIBLIOGRAPHICAL REFERENCES. 

 
Among others, some bibliographical references that students can use in order to 

carry out the current activity are: 
 
5.1.- On General Electronics Circuits. 
 
 Godoy; Roy W. ‘OrCAD PSpice para Windows. Volúmen II: Dispositivos, 

Circuitos y Amplificadores Operacionales’. Madrid: Ed. Pearson-Prentice-Hall. 3ª 
Edición. 2003. 

 Malik, Norbert R. ‘Circuitos Electrónicos. Análisis, Simulación y Diseño’. Madrid: 
Ed. Prentice Hall, 1998. 

 Malvino, Albert Paul. ‘Principios de Electrónica’. 6ª Edición. Madrid: Ed. 
McGraw-Hill/Interamericana de España, S.A., 2000. 

 Rashid, Muhammad H.  ‘Circuitos Microelectrónicos. Análisis y Diseño’. Madrid: 
Ed. Thomson Editores Spain / Paraninfo S.A. 2002. 

 Sedra, Adel S.; Kenneth C. Smith. ‘Circuitos Microelectrónicos’. México, D.F.: 
Ed. Oxford University Press. 4ª Edición. 1999. 

 
5.2.- On Operational Amplfiers. 
 
 Clayton, George; Steve Winder. ‘Operational Amplifiers’. Oxford: Ed. Newnes. 

5th Edition. 2003. 
 Coughlin, Robert F; Frederick F. Driscoll. ‘Amplificadores Operacionales y 

Circuitos Integrados Lineales’. México: Ed. Prentice Hall Hispanoamericana. 5ª 
Edición. 1999. 

 Fiore, James M. ‘Amplificadores Operacionales y Circuitos Integrados Lineales’. 
Madrid: Ed. Thomson Editores Spain / Paraninfo S.A. 2002. 

 Franco, Sergio. ‘Diseño con Amplificadores Operacionales y Circuitos Integrados 
Analógicos’. México, D.F.: Ed. McGraw–Hill Interamericana. 3a Edición. 2005. 

 Gayakwad, Ramakant A. ‘Op-Amps and Linear Integrated Circuits’. New Jersey: 
Ed. Prentice Hall International, Inc. 4th Edition. 2000. 

 Jung, Walt (ed.). ‘Op. Amp. Applications Handbook’. Oxford: Ed. Elsevier / 
Analog Devices. 2005. 

 Mancini, Ron (ed.). ‘Op. Amp. for Everyone. Design Reference’. Publicació 
electrònica de Texas Instruments. August, 2002. 
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