412 Laboratory #3: Non-Ideal Op-Amp Behavior
Objective:
To investigate various limitations of op amps including:  finite bandwidth, saturation, and slew-rate limiting.  To understand the implications these limitations have on circuits that contain op amps and understand the situations when the limitations are likely to be significant. 

Components List:


(1) 1-kΩ resistor, (1) 5.1-kΩ resistor, (1) 18-kΩ resistors, 
(1)  LM318 Op-Amp, (3) 0.1 uF caps

Procedure:


1.  Construct the following circuit on a breadboard: 


2.  Use a function generator to apply at the input (vI )  a 100mV p-p, 1 kHz sine wave, with a DC component of 0 V.  Sweep the generator through the frequencies in the given table, measuring the p-p output voltage and calculating the open circuit voltage gain in each case.

Q1:  Based on these measurements alone, determine approximately the bandwidth of this non-inverting amplifier.
Q2: Based on these measurements alone, determine approximately the unity-gain frequency of the op-amp.
	freq (MHz)
	vO (mVpp)
	|Avo| 
	|Avo|2 (dB)

	0.052
	
	
	

	0.072
	
	
	

	0.1
	
	
	

	0.14
	
	
	

	0.19
	
	
	

	0.27
	
	
	

	0.38
	
	
	

	0.52
	
	
	

	0.72
	
	
	

	1.0
	
	
	

	1.4
	
	
	

	1.9
	
	
	

	2.7
	
	
	

	3.8
	
	
	

	5.2
	
	
	

	7.2
	
	
	

	10.0
	
	
	

	14.0
	
	
	


(Write down the readings in your lab note book)

3.  Now change the feedback resistor to make the following circuit.  Again sweep the generator through the frequencies in the given table, measuring the p-p output voltage, and calculating the open circuit voltage gain at each frequency. 

(Write down the readings in a separate table in your lab note book)


Q3:  Based on these measurements alone, determine approximately the bandwidth of this non-inverting amplifier.

Q4: Using only the results determined from the measurements collected in step 2, calculate the bandwidth of the amplifier above. How does this compare to the measured bandwidth value?   

4.  Now input a 1-kHz sinusoid with low amplitude (say 100-mV pp).  Turn up the amplitude until the output signal becomes severely distorted (i.e., the sine wave peak(s) flatten).  Carefully record this distorted output signal.  

Q5:  Based on these measurements, determine the approximate saturation limits L+ and L- for this amplifier.  
5.   Now decrease the input amplitude to just barely below the point where saturation begins (i.e., the output sine wave should be as large as possible without being distorted).  Now sweep the input signal frequency from 100 kHz to 5 MHz and back, and observe what happens to the output signal.  At a particular frequency, the output signal will just begin to distort (it will begin to look more like a triangle wave!), and will become more distorted as we further increase the frequency. 

Q6:  What is going on here? Why does the output signal distort at high frequencies? 

6.   Now adjust the signal frequency until this distortion is just barely beginning to occur.  Record both this frequency and the sine wave magnitude.

Q7:  Based on this measurement alone, determine the “full-power bandwidth” of the op-amp.  Based on this result, determine the approximate slew rate of this op-amp.

Q8:  Compare the full-power bandwidth to the 3dB amplifier bandwidth determined in step 3.  Are the two values the same?  Why or why not?

7.  Without changing anything else, double the signal frequency.  The output should be severely distorted.  Decrease the signal amplitude until distortion just barely disappears (i.e., we again have a perfect sine wave).  Record the magnitude of the output signal, as well as this signal frequency.

Q9:  Using the results of earlier measurements, could you have predicted this magnitude ?  In other words, could you have determined the largest possible magnitude of an undistorted output sinwave at this particular frequency? Why and how?
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