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Overview 
 
The purpose of this lab assignment is to provide users with an introduction to some of the equipment 
which will be used in the next few lab assignments.  The following topics are discussed: 

• breadboards 

• use of digital multimeters (DMMs) to measure voltage, current, and resistance 

• power supplies 

• laboratory notebooks 
 
The concept of electrical resistance is introduced qualitatively in this lab assignment.  A more rigorous 
discussion of resistance will be presented in later chapters and explored more thoroughly in later lab 
assignments. 
 
Finally, a qualitative discussion of dependent sources is presented in the context of MOSFETs (Metal 
Oxide Semiconductor Field Effect Transistors).  A simple voltage controlled current source is 
constructed and tested. 
 
 
Before beginning this lab, you should be 
able to: 

After completing this lab, you should be able to: 

 

• Define voltage and current in terms of 
electrical charge (Chapter 1.1) 

• State common prefixes and the symbols 
used to represent them in scientific 
notation (Chapter 1.1) 

• State the passive sign convention from 
memory (Chapter 1.1) 

• Write symbols for independent voltage 
and current sources (Chapter 1.2) 

• State the purpose of independent 
voltage and current sources (Chapter 
1.2) 

• Write symbols for dependent voltage 
and current sources (Chapter 1.2) 

• State governing equations for the four 
types of dependent sources (Chapter 
1.2) 

 

• Use a breadboard to connect electrical 
components 

• Create open circuits and short circuits on a 
breadboard 

• Identify nodes on a breadboard circuit 

• Use a digital multimeter to measure 
resistance 

• Identify open circuits and short circuits 

• Use a digital multimeter to measure voltage 
and current 

• Use MOSFETs as dependent sources 

This lab exercise requires: 

• Digilent Analog Parts Kit 

• Breadboard 

• Digital multimeters (DMMs), DC power supplies 
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Symbol Key: 
 

Demonstrate circuit operation to teaching assistant; teaching assistant should initial lab 
notebook and grade sheet, indicating that circuit operation is acceptable. 
 
Analysis; include principle results of analysis in laboratory report.   
 
Numerical simulation (using PSPICE or MATLAB as indicated); include results of MATLAB 
numerical analysis and/or simulation in laboratory report. 
 
Record data in your lab notebook. 

 

 
Background Information 
 
Solderless Breadboard: 
 
The solderless breadboard (generally, a large, white plastic component with rows and columns of 
holes) provides a working space where temporary circuits can easily be built.  Leads of electrical 
components (e.g. resistors) can easily be pushed into the breadboard holes.  These leads can then 
be connected to the leads of other components with jumper wires.  Jumper wires are small gauge 
wires that have been stripped of about ¼” insulation on both ends. 
 
A typical breadboard has rows of five or six holes that are electrically connected into a single circuit 
node – the holes always have the same voltage.  A central groove or channel generally separates two 
banks of these holes.  The overall situation is illustrated in Figure 1.  The holes on either side of this 
channel are not electrically connected.  The channel is not important to us now, but will become useful 
in later lab assignments when we create circuits containing integrated circuit (IC) chips packaged as 
DIPS (Dual In-Line Packages). 
 

 
When a component lead is inserted into one of the five connected holes, the remaining four holes are 
connected to that lead as well.  Therefore, component leads or jumper wires that are inserted into a 
row with other component leads or wires will form a single circuit node.  Using a breadboard allows 
components and interconnections to be rapidly added, studied, and modified. 

Terminology: 
 
Holes in a breadboard which are electrically connected are said to be at the same node in a circuit.  
These holes are always at the same voltage.  Different physical points in a circuit which are electrically 
at the same node are sometimes said to be connected by a short circuit.  No energy is necessary to 
transfer a unit of charge across a short circuit, so there is (theoretically) no limit to the amount of 
current which can flow through a short circuit. 
 
No current will flow from one hole to another on a breadboard if the holes are not electrically 
connected.  Different physical points in a circuit which are not electrically connected are sometimes 
said to be connected by an open circuit.  Charge cannot transfer across an open circuit, so no current 
can flow through an open circuit.  The voltage difference across an open circuit can be infinite. 
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Figure 1.  Representation of typical breadboard. 
 

 
EE board: 
 
The connectivity of the holes on the EE board is consistent with the above discussion. 
 

 
 
Digital Multimeters: 
 
Digital multimeters (DMM) are multipurpose devices used to measure various circuit parameters.  
DMMs are commonly capable of measuring the following quantities: DC (constant) voltages, AC 
(sinusoidally varying) voltages, DC current, AC current, resistance and capacitance.  Many DMMs are 
capable of measuring additional quantities, such as frequency, conductance, and inductance.  In this 
lab assignment, we will use DMMs to measure DC current and voltage and resistance.  In later labs, 
we will discuss the use of DMMs to measure AC current and voltage. 
 

Terminology: 
 
A device to measure voltage is called a voltmeter.  A device that measures current is called an 
ammeter.  A device to measure resistance is called an ohmmeter.  A multimeter will perform all 
of these functions, depending on how the meter is used. 
 
Voltages and currents which do not vary with time are often referred to as DC voltage or DC 
current.  DC stands for direct current.  Voltages and current which vary sinusoidally with time (as 
do typical household voltages and currents) are called AC voltages and currents.  AC stands for 
alternating current. 
 
Electrical Resistance is a property of all materials.  It provides a way of quantifying the energy 
lost by forcing a current through a material.  We will provide a more rigorous definition of 

resistance in later chapters.  Resistance is measured in ohms; the symbol for ohms is Ω.  A low 
value of resistance means that current can flow easily from one point to another (little voltage 
difference is necessary to move charge); a high resistance means that it is difficult to move 
charge from one point to another (a high voltage difference is necessary to move charge). 
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DMMs essentially measure voltage; the additional quantities that can be displayed are generally 
inferred from the voltage by the use of additional circuitry within the meter.  A variety of DMMs are 
currently available.  They can be broadly categorized as either laboratory/bench systems or hand-held 
devices.  A bench-type system is shown in Figure 2(a), while a hand-held device is shown in Figure 
2(b).  Bench systems typically have greater capabilities (such as interfaces that allow a computer to 
interact with the DMM and internal microprocessors which allow the DMM to perform a variety of 
calculation and computation processes) and generally better accuracy than hand-held models, but 
basic usage of both types of models is similar.  The operation descriptions provided below are 
applicable to most common DMMs. 
 

                                                   
 

(a) Bench-type DMM                                          (b) Hand-held DMM  
 

Figure 2.  Typical digital multimeters. 
 
 
Resistance measurement: 
 

• Plug one of the DMM leads to the COM port of the DMM.  The other lead should be plugged 

into the port labeled V-ΩΩΩΩ (the V-ΩΩΩΩ port may have additional letters next to it, depending on the 
capabilities of your DMM). 

• Select the ΩΩΩΩ setting on the DMM.  This may be either a push-button or a dial setting, 
depending on the type of scope you are using. 

• The resistance between the V-ΩΩΩΩ port and the COM port will be displayed on the DMM.  The 
polarity of the probes will not matter to us for now; we assume that switching the leads will 
result in the same resistance measurement. 

 
 
DC voltage measurement: 
 

• Plug one of the DMM leads to the COM port of the DMM.  The other lead should be plugged 

into the port labeled V-ΩΩΩΩ (the V-ΩΩΩΩ port may have additional letters next to it, depending on the 
capabilities of your DMM). 

• Select the  setting on the DMM.  This may be either a push-button or a dial setting, 
depending on the type of scope you are using.  (The straight bars next to the V indicate that 
you will be measuring a constant value.) 

• Apply the probe connected to the COM port to your circuit at the node which you want to be 
your reference voltage. 

• Apply the probe connected to the V-ΩΩΩΩ port to your circuit at the node whose voltage you wish 
to measure. 
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• The voltage difference between the V-ΩΩΩΩ port and the COM port will be displayed on the DMM.  
The node connected to the COM lead will be treated as the reference value of your voltage 
measurement; in other words, the voltage displayed on the DMM will be relative to the node 
connected to the COM port – the COM port will be assumed to have “zero” voltage. 

 
 
DC current measurement: 
 

• Plug one of the DMM leads to the COM port of the DMM.  The other lead should be plugged 
into the port labeled with an A designation. (Your DMM will likely have multiple ports with an A 
designation; these will generally give a maximum allowable current for that particular port – for 
example, 10A or 100mA.  Attempting to put a large current through a port with a low current 
capacity may blow out a fuse in your DMM.  Fuses are relatively easy to replace, but not 
something you want to do on a regular basis.  When measuring current, always make a 
preliminary measurement using the highest-current port; if no current registers when 
using this port, then switch to the lower-current port.) 

• Select the  setting on the DMM.  This may be either a push-button or a dial setting, 
depending on the type of scope you are using.  (The straight bars next to the A indicate that 
you will be measuring a constant value.) 

• Connect the probe connected to the A port to your circuit at the node which you assume to 
have the positive voltage potential. 

• Connect the probe connected to the COM port to your circuit at the node which you assume to 
have the negative voltage potential. 

• The current flowing from the A port to the COM port will be displayed on the DMM.  If the 
displayed value is negative, it merely means that positive current is actually flowing from the 
COM port to the A port.   

 
 

 
EE board: 
 
The Digilent EE board and WaveForm software provide some of the functionality of a Digital 
Multimeter. 
 
Voltage measurements are provided by four voltmeters: VMTR1 through VMTR4.  These voltage 
measurements are all relative to the same reference voltage (the common ground of the EE 
board).  If a voltage difference, not relative to this common ground, is desired, two voltages can be 
measured relative to ground and a difference taken to provide the appropriate voltage difference. 
 
Current out of the voltage sources is displayed by the WaveForm software.  In many cases, this 
will provide the necessary ammeter functionality.  In some cases, however, a separate ammeter 
will be convenient. 
 
No ohmmeter functionality is provided by the EE board and WaveForm software. 
 
A hand-held DMM, in conjunction with the measurements provided on the EE board, should be 
sufficient to perform all lab assignments in this series. 
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DC Power Sources: 
 
DC power sources provide a relatively constant (DC) power.  Most DC power sources fall into one of 
two categories: batteries or DC power supplies.  Batteries perform an electrochemical reaction in 
order to generate electrical power.  DC power supplies convert the 60 Hz AC power readily available 
in most homes and laboratories into a DC power with some desired current and/or voltage.  Our 
discussion will focus on DC power supplies.  Figure 3 shows a typical DC power supply. 
 

 
Notes: 
 

• When used as an ohmmeter, the DMM leads should be applied to the terminals of the element 
whose resistance is being measured, as shown below: 

 

 
 
 

• When used as a voltmeter, the DMM leads are applied to the terminals of the element across 
whose the potential difference is to be measured, as shown below: 

 

 
 
 

• When used as an ammeter, the DMM leads are placed in line with the element through which 
the current flow is to be measured, as shown below: 

 

A

i
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Figure 3.  Typical DC power supply. 
 
Many DC power supply units provide more than one power supply.  The power supply shown in 
Figure 3, for example, has three power supplies: one fixed, 5V supply and two variable voltage power 
supplies.  The voltage and current supplied by the power supply are generally set by either push 
buttons or dial knobs.  Power supplies can generally be used as either voltage sources or current 
sources – push buttons are generally used to select one or the other.  When the power supply is used 
as a voltage source, a specified voltage is applied to the circuit and the current is automatically 
adjusted (within the capabilities or the power supply) to allow that voltage level to be supplied.  When 
the power supply is used as a current source, the opposite is true: the desired current is supplied to 
the circuit and the voltage is automatically adjusted as necessary to provide the desired current.  
Many power supplies allow the user to limit the current supplied by the voltage source or the voltage 
supplied by a current source.  Thus, the desired voltage or current is supplied to the circuit only if the 
required current or voltage, respectively, is within the specified limits.  Limiting the voltage or current 
can provide protection to the circuit being supplied with power. 
 
 

 

Safety notes: 
 

• Always turn off the power supply before connecting or disconnecting any circuitry.  Failure to 
do so can result in electrical shocks.  Likewise, turn off the power supply before making any 
adjustments to your circuit. 

• It is good practices to use an ohmmeter to check your circuit (across the power supply 
connection points) for a short circuit condition.  This occurs when an incorrectly wired circuit 
results in zero resistance, as seen by the power supply.  This condition can result in damage to 
the power supply and/or the circuit when the circuit is connected to the supply. 
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EE board: 
 
The EE board and WaveForm software provide five voltage supplies:  
 
 One positive and one negative adjustable voltage supply (VP+ and VP-, respectively).  The 

positive voltage supply provides a voltage which is positive relative to the EE board’s common 
ground; the negative power supply provides a voltage which is negative relative to this ground.  
The positive voltage supply is adjustable over a range of 0V to 9V, and the negative voltage 
supply is adjustable over a range of -9V to 0V.  Both supplies can provide a current of up to 
1.5A. 

 
 One fixed voltage supply (VCC).  The voltage provided by this supply can be selected as 

either 3.3V or 5V, relative to the common ground.  A current of up to 2A can be provided by 
this supply. 

 
 Two reference voltages (VREF1 and VREF2).  Reference voltages are adjustable from 0V – 

10V.  The reference voltages supply limited current, up to a maximum of approximately 10mA. 
 

 
 
Laboratory Notebook: 
 
All data acquired in the laboratory, along with observations and conclusions about the data, should be 
recorded in a laboratory notebook.  A laboratory notebook can become an important legal document, 
generally in patent dispute cases.  Thus, it is important to be able to show when a particular test was 
conducted or when a design was created.  For this reason, some rules relative to laboratory 
notebooks should be strictly followed. 
 
Laboratory notebooks should have the following features: 

• Permanently bound 

• Pages pre-numbered 
 
The following guidelines should be followed when using your laboratory notebook: 

• Use pen to make entries in your notebook 

• Initial and date each page in your notebook, as it is used. 

• Do not skip pages or leave significant amounts of blank space in your notebook 

• When an important result is generated, have another individual (preferably your boss) initial 
and date the page(s) on which it is recorded 

• Keep track of the equipment used to record the data; it is sometimes important to show 
whether a result is dependent upon using a particular piece of equipment (it may be 
malfunctioning). 

 

Note: 
      Neatness is generally not a requirement for a notebook.  Entries should be legible, but the 

notebook’s primary purpose is to record (chronologically) the tests that were conducted and 
results that were obtained.  A knowledgeable person should be able to follow the process 
you used and duplicate it if necessary. 
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I. Breadboards and Ohmmeters 
 
General Discussion: 
 
In this portion of the lab assignment, we will examine the connections between different holes in your 
breadboard using a DMM as an ohmmeter.  Specifically, we will see which connections correspond to 
open circuits and short circuits.  We will use jumper wires to change the connectivity between holes 
on the breadboard. 
 
Pre-lab:  None 
 
 
Lab Procedures: 
 
In this portion of the assignment, we will use the DMM to check the connectivity of different nodes on 
a breadboard.  In the circuits below, you may need to use jumper wires in to assist in the connection 
between the DMM leads and the breadboard. 

 
1. Using your DMM as an ohmmeter, connect the leads of the DMM to two holes in the same row 

on your breadboard, as shown in Figure 4(a) below.  The DMM should indicate a very low 
resistance between the holes – generally fractions of an ohm.  Record your results in your lab 
notebook.  

2. Check the resistance between two rows of holes on opposite sides of the central channel of 
the breadboard, as shown in Figure 4(b) below.  Your DMM should indicate a very high – or 
infinite – resistance between the holes.  Record your results in your lab notebook. 

 

 
 

3. Check the resistance between two arbitrary holes (not in the same row) of your breadboard 
(e.g. between nodes a and c in Figure 4(b).  Your DMM should again indicate a very high or 
infinite resistance.  Record your results in your lab notebook. 

4. Finally, use a jumper wire to connect two different rows on the breadboard.  Add a jumper wire 
between nodes a and c as shown in Figure 4(c).  The DMM should indicate that the resistance 
between these nodes is now very low.  Record your results in your lab notebook. 

 
In your lab notebook, comment on whether the connections in exercises 1 – 4 correspond to “open 
circuit” or “short circuit” conditions. 
 

Note:  Different ohmmeters have different ways of indicating what they consider to be an 
infinite resistance.  For example, some models may read out an overload (sometimes 
displayed as OL or a “flashing” number) condition. 
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Figure 4(a).   

 

 
Figure 4(b) 

 

 
Figure 4(c) 
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II. Power Supplies, Ammeters, and Voltmeters 
 
General Discussion: 
 
Consider the circuit shown schematically in Figure 5(a).  A DC voltage supply of 5V is connected 
between nodes a and c to provide power to the circuit.  We want to know the current, i, out of the 
power source, and the voltage across the open circuit, vbc.  Since there is an open circuit between 
nodes b and c, we will expect no current to flow through the circuit (i = 0 A) and the voltage difference 
between nodes b and c should be the same as the voltage applied to the circuit (vbc = 5 V). 
 
The schematic of Figure 5(b) shows the same circuit, with the measurements which will be made 
explicitly indicated.  A DMM is connected between nodes a and b to measure the current i.  A voltage 
measurement is made between nodes b and c to determine the voltage vbc.  You may need to use a 
combination of jumper wires and connectors with alligator clips to make the connections between the 
breadboard, the ammeter, the voltmeter, and the power supply. 
 
 

 
 
A physical layout for the circuit is shown in Figure 6.  Three nodes on the breadboard are used to 
create the circuit.  Two different DMMs are shown in Figure 6; indicating the voltmeter and the 
ammeter. 
 
 

      
(b) 

 
Figure 5.  Circuit schematic. 

 
 

Notes: 

• A DMM, used as an ammeter, behaves approximately as a short circuit. 

• A DMM, used as a voltmeter, behaves approximately as an open circuit. 
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Figure 6.  Physical representation of circuit of Figure 4. 
 

 
Pre-lab:  None 
 
 
Lab Procedures: 
 

1. Connect the circuit shown in Figures 5(b) and 6 except do not connect the power supply to the 
circuit.  Note in your lab notebook the readings on the voltmeter and ammeter with no power 
supplied to the circuit. 

2. Connect a DC power supply to your circuit at the appropriate leads as indicated in Figures 5(b) 
and 6.  Using the power supply as a voltage source, apply approximately 5 V to your circuit.   

3. Measure the voltages vac and vbc and the current i.  Note your results in your lab notebook.  Do 
your results agree with your expectations?  Determine the power generated or absorbed by 
the power source. 

4. Demonstrate operation of your circuit to the Teaching Assistant  Have the TA initial the 
appropriate page(s) of your lab notebook and the lab checklist. 
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III. Dependent Sources and MOSFETs 
 
General Discussion: 
 
Many common circuit elements are modeled as dependent sources – that is, the mathematics 
describing the operation of the element is conveniently described by the equations governing a 
dependent source.  In this portion of the lab assignment, we will build and test a circuit which acts as 
a Voltage Controlled Current Source (VCCS). 
 
The primary circuit element used in this assignment is a Metal Oxide Semiconductor Field Effect 
Transistor (MOSFET).  There are two basic types of MOSFETs: n-channel and p-channel; the 
discussion presented here is for n-channel MOSFETs, though similar concepts apply to p-channel 
MOSFETs.  A MOSFET is a three-terminal device; the symbol commonly used to represent a 
MOSFET in circuit diagrams is shown in Figure 7(a).  The three terminals of the device are called the 
source (S), the drain (D) and the gate (G).  Our circuit will employ a ZVN2210A MOSFET; the physical 
appearance of this MOSFET is shown in Figure 7(b), along with the relative locations of the drain, 
gate and source for that model MOSFET.   
 
An extremely simplified discussion of a MOSFET’s operation is as follows: A “channel” is opened in 
the MOSFET by application of a voltage at the gate of the MOSFET.  This channel allows current to 
flow from the drain to the source of the MOSFET (iD in Figure 7(a)).  Thus, if a power supply is 
connected to the drain of the MOSFET, the MOSFET can be used to control the power supply’s 
current: increasing the gate voltage increases the current out of the power supply.  A rough analogy to 
this process is a valve placed at the base of a water tank – opening the valve allows water to flow out 
of the tank.  Likewise, increasing the gate voltage allows current to “flow” out of the power supply.  A 
MOSFET, therefore, in conjunction with a power supply, can act as a voltage controlled current 
source in which the drain current is controlled by the gate voltage.  One important aspect of MOSFET 
operation is that little or no current is required at the gate of the MOSFET.  Thus, essentially no power 
must be delivered by the voltage applied to the gate. 

 
 

                                         
 

(a) MOSFET symbol                                       (b) ZVN2110A MOSFET 
 

Figure 7.  MOSFET symbol and typical physical appearance. 
 
 
Pre-lab:  None 
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Lab Procedures: 
 

1. Connect the circuit shown in Figure 8.  Two power supplied are used in the circuit.  One power 
supply, vs1, will be used to set the (variable) gate voltage.  The other power supply is used to 
provide a constant 6V voltage to the MOSFET drain; this power supply will provide the drain 
current iD.  The MOSFET is a ZVN2110A MOSFET.  A physical representation of the circuit is 
shown in Figure 9. 

 

The 100Ω resistor in Figure 8 is used to limit the amount of current flowing through the 
MOSFET.  If no resistor is used between the power supply and the MOSFET, an excessive 
amount of current can flow through the MOSFET resulting in damage to the MOSFET and/or 

the rest of the circuit.  The 100Ω resistors in your analog parts kit can be identified by the color 
bands on the side of the resistor – they will be as shown in Figure 10.  We will discuss 
resistors in detail in later chapters.  Use an ohmmeter to measure the resistance of the resistor 
and record this value in your lab notebook (the actual resistance will most likely be slightly 

different from 100Ω).   
 
Use an ammeter and voltmeter appropriately to measure the current iD and the gate voltage 
vG, as indicated in Figure 9.   

 
 

 
 

Figure 8.  VCCS circuit schematic. 
 

 
2. MOSFETs have a threshold voltage, below which essentially no current passes through the 

MOSFET.  To determine the threshold voltage for our MOSFET, begin with zero voltage 
applied at the gate by the variable voltage source vs1 (vG = vs1 = 0V).  The drain current, with 
no voltage applied at the gate, should be essentially zero.  Gradually increase the MOSFET 
gate voltage while monitoring the MOSFET drain current iD.  Record in your lab notebook the 
voltage at which the drain current begins to increase significantly.  This is the MOSFET’s 
threshold voltage. 

3. Now characterize the MOSFET’s relationship between gate voltage and drain current.  
Continue to increase the gate voltage, up to a maximum of about 5V.  Record both the gate 
voltage vG and the drain current iD at approximately 0.25V increments in gate voltage.  Plot the 
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gate voltage vs. drain current data in your lab notebook.  Comment on your observations 
relative to the data, especially relative to how the circuit behaves like a dependent source. 

4. The parameter g of a VCCS provides a relationship between the rate of change between the 
applied voltage and the resulting current.  This is essentially the slope of the data you plotted 
in part 3 above.  Use the curve of part 3 to estimate the value of g for the circuit you built.  
Note: Your curve will most likely not be a straight line.  Do your best to fit a straight line to the 
data you acquired in part 3 for your estimate of g.   

5. Demonstrate operation of your circuit to the Teaching Assistant  Have the TA initial the 
appropriate page(s) of your lab notebook and the lab checklist. 

 

Source
Drain

Fixed, 6V Power Supply

+ -GND

Variable Power Supply

+ -GND

COM

A

DMM

COM

V-

DMM

 
 

Figure 9.  Physical layout for circuit of Figure 8. 
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Figure 10.  Color bands for 100Ω resistor. 
 
 


