
ECE 321 Lab 1: Further Adventures with LTSpice 
 

In this lab you will review LTSpice simulation of op amp and dependent source 
circuits and be introduced to some of the semiconductor devices you will be learning about in 
ECE 321.  The overall objective of this lab is to increase your familiarity with LTSpice. 
  
Prelab 

In this lab, we assume that you are familiar with the basic operation of LTSpice to the extent 
covered in ECE 201 Lab 6.  You should review that lab a bit before beginning this one, and 
refer to it as necessary as you work through this lab (it is also posted on Blackboard as 
“Introduction to LTSpice Tutorial.”) 
 
Part I.  Op Amps 

The idea of the ideal op amp was introduced in ECE 221 and used in some filter circuits in 
ECE 222. In this lab, we will use a familiar op amp circuit to review some of the simulation 
commands in LTSpice.  We will do the simulations with a realistic op amp model to observe 
the effects of non-ideal characteristics on the circuit performance. 
 
1. Create a schematic of the circuit below.  For the op amp, use a LT1097 (found in the op 

amp library in the component menu) and don’t forget to connect ±15 V power supplies to 
the terminals labeled V+ and V- (not shown.)     

 

 
Figure 1  Op amp circuit. 
 
2. Using the ideal op amp model, calculate the voltages at nodes 1, 2, 3 and 4.  Put your 

values in the table below. 
 
Node Voltages Calculated Simulated 

1   
2   
3   
4   

 



3. Run a dc operating point simulation and list the simulated node voltages in the table 
above.  Compare the results to your predictions.  Would you say the op amp is perfectly 
ideal, close to ideal, fairly non-ideal, or extremely non-ideal?  Why? 

 
4. Now use a dc sweep simulation and sweep the input voltage from 0 to 5 V in .1 V steps.  

Plot Vout (node 4) versus Vin and paste the plot in your report.   Can you explain the 
result? 

 
5. To observe the op amp behavior as a function of frequency, do an ac sweep from 10 Hz to 

100 MHz (100Meg) on a decade scale.  Remember to put an ac amplitude of 1 in the 
small-signal analysis box in the voltage source under advanced.  Plot Vout (in dB) vs f and 
paste the plot in your report.  Can you explain what’s happening?  (Don’t worry if you 
don’t have a good answer yet, you will be learning a lot more about this in this course!)    

 
6. Repeat the dc operating point simulation for output load resister values from 100 kΩ 

down to 1 Ω in decade steps.  Make a table of Vout versus RL and paste it in your report.   
Can you explain the result? 

 
 
Part II.  DC Analysis of Dependent Sources 

As an example to review setting up circuits with dependent sources, use LTSpice to 
verify the solutions in Examples 1.1 – 1.4 in the textbook.  Specifically, construct the circuits 
in Figures 1.12 – 1.15, using 1 V sources for vs or vx.  Run dc operating point simulations of 
each circuit to find the variables of interest, and list the results for each example in the table 
below.  Note that in Examples 1.2 and 1.4 you will find ix or is from the simulation, then 
calculate Rth = vx/ix or vs/is. 

Example Calculated Simulated 
1.1 vth = 0.718vs  
1.2 Rth = 282 Ω  
1.3 in = (2.55 mS)vs  
1.4 Rth = 605 kΩ  

 
 
Part III.  Diodes 

The first semiconductor device you’ll learn about in ECE 321 is the pn junction diode.  
Here you will simulate three of the diode circuits you will learn about in class: the half-wave 
rectifier, the full-wave bridge rectifier and the voltage regulator.  Then you will examine the  
I-V characteristic of the diode. 
  

1. Simulate each of the three circuits shown in Figure 2 as follows: 
• Use the standard diode element except in circuit (iii).  For circuit (iii), start with the same 

diode component, right-click on the symbol, select Pick New Diode, scroll through the list 
until you see Zener diodes and select the first Zener.  The part number should be that 
shown in circuit (iii).  



• For circuits (i) and (ii), the source is a .1 kHz sine wave with amplitude 5 V.  For circuit 
(iii), the source is dc.   

• For circuits (i) and (ii), run a transient simulation for 50 ms and plot Vout and Vin on the 
same graph vs t.  For circuit (ii), be careful not to ground the bottom of Vin, and be sure 
that you are correctly displaying Vin on the graph (it will be the difference of two node 
voltages.)  For circuit (iii), do a dc sweep of Vin from 10 to 20 V and plot Vout vs Vin.   

• Paste the plots in your report.  What do you think is the function of each circuit? 

 

    
Figure 2  (i) Half-wave rectifier.  
 

 
 
(ii) Full-wave bridge rectifier.   

 
 
(iii) Voltage regulator.   



2. Generate the I-V characteristic of the diode using a test circuit consisting of a voltage 
source and diode only.  Sweep the voltage from –1 to +1 V in .01 V steps, plot I vs V 
and paste the plot in your report.  What is the approximate VD?  Explain how you 
determined this.  How does this relate to what you observed in your circuit 
simulations? 

 
3. Repeat the I-V curve using a germanium diode 1N34A.  This diode is not available in 

the components list, so we will have to add a model statement for it.  Go to Edit, Spice 
Directive and add this statement on the schematic: .MODEL 1N34A D(IS=2.6u 
RS=6.5 N=1.6 CJO=0.0p EG=0.67 BV=25 IBV=0.003 type= germanium) and change 
the designation of the diode on the schematic from D to 1N34A.  What is the 
approximate VD for this diode? 

 
 
Part IV.  Transistors 

Later in ECE 321 we will introduce two more semiconductor devices: bipolar junction 
transistors (BJTs) and metal-oxide-semiconductor field-effect transistors (MOSFETs).  At this 
point you are not expected to know anything about how these devices work, but we will do a 
quick simulation example with each just to introduce them to you.   

Transistors are three-terminal devices, and depending on how the input, output and ground 
are connected they will have different characteristics, such as gain and input and output 
impedance.  In the BJT, the terminals are called the emitter, base and collector (E, B, C) and 
in the MOSFET they are called the source, gate and drain (S, G, D).  There are also two types 
of each transistor, n and p.  We will just look at the n-type of each here.  
 
1. Set up the BJT circuit in Figure 3 below.  The component is called npn.  This circuit is 

called a common-emitter configuration: the emitter is grounded, the input is connected to 
the base and the output is taken at the collector.  DC power (necessary for the transistor to 
be “on”) is supplied by the DC voltage source VCC.  The input voltage source contains 
both a DC bias and an ac signal.   

 

Figure 3  Common-emitter BJT circuit. 
 



2. Run a transient simulation for 5 ms.  Plot Vin and Vout on the same graph vs time, and 
paste the plot in your report.  What is the voltage gain of this circuit?  What is the purpose 
of the capacitor? 

 
3. Set up the two MOSFET logic circuits shown in Figure 4.  The transistors are called 

nmos.  DC power is supplied by the DC voltage source VDD.  Inputs to the gates will be 
either a logic high of 5 V dc or a logic low of 0 V.  Test all four combinations of inputs to 
each circuit, and fill in the logic tables below.  Note that the outputs may not be exactly 0 
or 5 V.  We can interpret a logic low as ≤ 0.5 V and a logic high as ≥ 4 V.  Determine 
what logic function is performed by each circuit. 

 
 

 
 
    (i)          (ii) 

Figure 4  Two MOSFET logic circuits 
 
 
V1 V2 Output 
Low Low  
Low High  
High Low  
High High  
 
(i) 
 
 
V1 V2 Output 
Low Low  
Low High  
High Low  
High High  
 
(ii) 



Part V.  Adding New Components and Variable Parameters 
For the last example, simulate the circuit below and verify that Vout = 5 V.  You will not 

find this nifty potentiometer in the LTSpice component menu!  This one is from the Yahoo 
user group (http://tech.groups.yahoo.com/group/LTspice/.)  If you join and search under Files, 
you will find this component.  If you search online and find another source of LTSpice 
models that you prefer, that is fine, you don’t have to use this exact file for this example.  
However, you need to either find a potentiometer model or create your own.   

To add a component like this one, you will need to add two files to the library folder: the 
symbol file (.asy) and the model file (this can have any extension; in this example it’s simply 
.txt).  When you use the symbol, you can direct the program to the correct model with either a 
.lib or .include statement.  The help section on Third-party Models may prove useful. 

If you prefer to create your own, see Creating New Symbols in the help menu. 

 
Figure 5  Potentiometer circuit 
 

Finally, we will let the potentiometer wiper be a variable parameter instead of a fixed 
value.  Change the wiper value to {r}; the curly brackets indicate a variable parameter.  Add 
the directive .STEP PARAM r = 0.1 1 0.2.  This is an instruction to step the parameter r from 
0.1 to 1 in steps of .2.  Paste your schematic and the plot of Vout in your report. 
  

 


