
EE140, Fall 2009 – Lab 3: 2-Stage Bipolar Op-amp 

 

Objective: The goal of this lab is to (1) see inside of your “EE40” op-amp, (2) gain intuition 

regarding oscillation, compensation, and the conditions for stability, (3) familiarize yourself with 

the use of feedback in an op-amp, and (4) look at the effect of feedback on the swing of an 

amplifier. 

 

Equipment needed: 
Breadboard 

5 NPNs (2N3904) 

3 PNPs (2N2906) 

2 9V batteries with connectors 

Assorted resistors 

Assorted capacitors 

Assorted wires 

DC power supply 

Signal generator 

Oscilloscope 

Multimeter 

 

Topology: 

 

 
 



Procedure: 

 

Week 1: Get the op-amp working. 

1) Build the op-amp as shown above. 

a. Choose the value of the resistor for a reasonable current. 

b. Implement the ±9V supplies with your two 9V batteries. 

c. Put a 100Ω resistor in series with your supply to limit the current in the case of a 

short.  If your current is small, your Vcc and Vee won’t change much. 

2) Measure each of the node voltages with Vi
-
 and Vi

+
 both at ground. 

a. Vcc = 

b. Vee = 

c. Vbias =  

d. Vtail = 

e. Vleft = 

f. Vright =  

g. Vout = 

h. Vi
-
 = 

i. Vi
+
 = 

Note: This is roughly the equivalent of doing a .OP simulation in SPICE. 

3) Leaving one of your inputs grounded, sweep the other input from -9V to +9V.  Plot 

output voltage versus input voltage.  One volt steps are fine over most of the range, but 

label any points of particular interest to within ~10 mV. 

Note: This is roughly the equivalent of doing a .DC simulation in SPICE. 

4) Using the signal generator and the oscilloscope, input a 1 kHz sinusoid with minimum 

amplitude.  Plot both input and output on the same axes and describe why you see what 

you do. 

Note: This is roughly the equivalent of doing a .TRAN simulation in SPICE. 

 

 

 

Week 2: Stability, compensation, feedback, and swing. 

1) Unity-gain feedback 

a. Connect the op-amp in the unity-gain feedback configuration with the non-

inverting input at ground.  Describe what’s happening at the output both 

qualitatively and quantitatively. 

b. Double your bias current.  Again, describe what’s happening at the output.  

(Restore the original bias current when you’re done with this observation.) 

c. Insert a 50 pF capacitor between the base and collector of the output PNP.  Now 

what happens to the output? 

d. Sweep the non-inverting input from -9V to +9V.  Plot the output voltage versus 

the input voltage.  What is the gain? 

 



2) Resistive feedback 

a. Connect your op-amp as shown with R1 = R2 = 10kΩ.  Plot Vout versus Vi
+
.  What 

is the gain? 

 
b. Remove the compensation capacitor that you inserted in part 1c.  Change the 

value of R1 to configure your amplifier for a gain of 1, 2, 4, 11, 31, and 101.   

i. Comment on the stability of the amplifier in each case. 

ii. With the amplifier stabilized either by compensation or a small enough 

feedback factor, what is the output range over which the amplifier gives 

you the desired gain? 

3) Build the multivibrator circuit shown below with R1 = R2 = 10kΩ, R3 = 100kΩ, and C of 

your choice. 

 
a. Verify the circuit behavior with what you predicted in your homework. 

b. Vary each of the component values until you can confidently describe what each 

one of them is doing. 

c. Appreciate that this circuit is pretty cool. 

 

 

 

Grad students: Output common mode error and gain error. 

1) Find the approximate acceptable range of values for the feedback resistors in the AV = 2 

feedback configuration. 

a. What limits your value of R on the high end?  Why? 

b. What limits your value of R on the low end?  Why? 



Checking off: 

Week 1: 

Show your GSI the results parts 2, 3, and 4 from week 1.  Have the results prepared in a 

reasonable fashion so that your GSI can check you off in 1-2 minutes (i.e. node voltages 

tabulated, plot prepared with labels either neatly on paper or in excel, matlab, etc., waveforms on 

oscilloscope). 

 

Week 2: 

You don’t need to show your GSI everything you do.  Prepare your results neatly (typed) for the 

report.  Show your GSI when you get the multivibrator working and be prepared to explain it 

briefly. 

 

 

Report: 

This isn’t a design report, so you can focus on just presenting your results clearly and concisely.  

There is no need to redraw the schematic or to repeat anything else given in this lab 

specification.  All reports must be typed (including equations) and plots computer generated, and 

they must be kept to within a maximum of 2 pages; anything beyond the second page will not be 

considered for grading.  Double-sided printing is encouraged but not required.  The report is due 

in the homework box by 8:10 (before class) on Monday the 19
th

. 


