E72(a) Laboratory 1

The Operational Amplifier (Op Amp)


In this lab and throughout the semester you will be using op amps, one of the basic building blocks of analog electronics.  For our purposes we will be using an ideal model of the op amp.  The circuit symbol for an op amp is shown.



The op amp obeys the input-output relationship:



where vo is the output voltage, v+ and v- are, respectively, the voltages at the non-inverting and inverting inputs, and A is the amplifier gain.  For an ideal op amp there are two important facts:


a) The gain of the amplifier is infinite.


b) The internal resistances between the inputs (v+ and v-) and ground are infinite.


These two facts lead to two important relationships used to analyze op amp circuits:



1) The voltages at the two inputs are the same.
2) There is no current from the input of the op amp.



Number 1 can be seen from fact a.  In order for the output voltage, vo, to be finite (and we don’t want infinite voltages in the lab) with an infinite gain, then v+ must equal v-.  In practice the gain is typically about 106, so v+ and v- are within several microvolts of each other.  


Number 2 can be seen from fact b.  If there is a resistance to ground from v+, then the voltage at v+ must be equal to the current times the voltage.  If v+ is to be finite, and the resistance is infinite, then the current must be zero.  The same argument follows for v-.  Typically the input resistance is at least several megaohms.


One of the most commonly used op amp is the 411 op amp, an eight pin integrated circuit (or chip, or IC) whose pin-out is shown below.




When shown in a schematic diagram the +Vcc and -Vcc connections are usually not shown, however they are very important as they supply power to the chip.  You may ignore the two connections labeled “offset null”, we will probably not be use them in this course.  This chip can be treated as ideal for the circuits in this course -- the gain is about 250,000 and the input resistance is >106 W, both large enough to be considered infinite.  There are some non-idealities you may notice, though we will usually ignore them when doing analysis of the circuit.  The most obvious shortcoming of the circuit is that the output cannot go above +Vcc or below -Vcc (in fact it cannot only come within a few volts of those limits).  When the output reaches these limits the op amp is said to be saturated.  Also the output of the op amp can only change at about 15·106 volts/second.  While this seems fast you may see this effect at high frequencies in some of your circuits.

Linear Op-Amp Applications

Inverting Amplifier

a) Put the op amp in the breadboard and connect +Vcc and -Vcc to the chip.  Set the magnitude of Vcc to 12 volts (you will have to check this with a voltmeter).  Connect the rest of the circuit with R1=10kW and Rf=30kW.


b)  Derive an expression for Vout/Vin.
c) Now drive the inverting amplifier with a 1 kHz sine wave.  Hook up the oscilloscope so you can see both Vin and Vout.  What is the gain?  What is the maximum output swing?  What is the maximum frequency at which the amplifier works well with the output swing at (10V?  Repeat for (1V.

d) Repeat c with Rf=10kW.

e) Repeat c when Vin is a square wave -- look closely at the transitions.  Measure the slew rate -- the maximum rate at which the output of the op-amp can change.

Non-inverting Amplifier

a) Build a non-inverting amplifier (below) with a gain of 11, and verify that it works.

b) Derive the expression for Vout/Vin.

c)  How would you change this circuit to create a follower (gain=1)?  Why is an amplifier with a gain of 1 useful?

Integrators
a) Hook up the integrator shown and drive it with a 2 volt (peak to peak) 1 kHZ square wave.  If the output is saturated you may have to adjust the offset of the signal generator.  From the component values predict the shape and peak to peak amplitude of the output (assume R1 has no effect on the circuit).  

b)What does the 1MW resistor do?  Try removing it and explain what happens.






R1=1 MW





R2=100 kW





C=0.01mF

Differentiators  

a) Connect the differentiator and drive it with a 100 Hz triangle wave, then a 100 Hz square wave.  Explain the output.  






R1=1 MW





C2=0.01mF

b) Add an input resistor and feedback capacitor as shown below.  What purpose do these new components serve?











R2=100 kW









C1=0.001 µF

A Non-Linear application of the op-amp.

Positive feedback.


Hook up a Schmitt trigger as shown in figure below on the left and drive it with a 4 volt peak to peak triangle wave.  Predict, then measure, the output waveform.  This circuit uses positive0-feedback so the normal rules about op-amp behavior don’t hold -- the output will always be saturated (ie, near the power supply voltages).  Notice that the output remains constant if the input stays below some critical threshold.


Rewire the circuit to be an oscillator as shown to the right.  Note that this circuit has no input.  Predict and measure the frequency of operation.



For your lab notebooks.


Include a copy of this handout.


Sketch (or include printouts) of input and output for each of the circuits constructed.


Derive input-output relationships for the inverting and non-inverting amplifier, the integrator (without R1), the differentiator (without C1 and R2).


Explain how The Schmitt trigger works.


Derive the frequency of oscillation of the relaxation oscillator, and compare with your measured frequency..
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