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1 Introduction

The Schmitt trigger is an application of positive feedback. This circuit is
a voltage comparator with hysteresis. A voltage comparator will give as its
output one of two voltages:

‘/out =

where Vj, is a threshold voltage. A voltage comparator with hysteresis
will have different V};, for rising input voltages than for falling input voltages.
In this lab we will build a Schmitt trigger using the LF411 op amp. Then
we will measure V;;, and verify the circuit’s operation as a voltage comparator.

2 Schmitt Trigger

The Schmitt Trigger is shown in the next figure (I)). Build this circuit at
least twice, each time with a different set of resistors. Some recommended
values are

Ry (k) | Ry (k) | R3 (k)
10 10 100
10 10 1,000
10 22 100

Use the variable voltage supply on your breadboard for V;, and measure
it with the voltmeter. Measure V,,; with the oscilloscope and note how fast
the output switches from +15V to -15V. For each set of resistors, record Vjy,
for both positive and negative transitions. See how close they are to the
predicted values:
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Refer to section [ for the derivation of this expression. Draw the measured
voltages on a V,,; versus Vj, curve showing the hysteresis loop. (Make a
separate drawing for each set of resistors).

Apply a sine wave or a triangle wave to the input and note the output.
Compare the transition points to the threshold voltages you measured earlier



with the voltmeter.

3 Simulated Noisy Source

To see how a Schmitt trigger might be useful, we will construct a source with
some fake noise introduced into it. The following figure shows how to do this
using two sine waves and a second op amp, used as a summing amplifier.
Build this circuit and use it as the input to your Schmitt trigger. Regard the
1kHz sine wave as the ’signal’ and the 10kHz sine wave as the 'noise.” Try
to determine approximately how much hysteresis is required to filter out a
given amount of noise ([2)).
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4 Schmitt Trigger Derivation
A 2-minute summary of an ideal op amp is given below:

e They are differential amplifiers that amplify the difference between the
non-inverting (+) and inverting (-) inputs [Vo,e = A (V4 — V).

e In the ideal case, the gain is infinite (A = 00) so the voltage between
the non-inverting and inverting leads is 0.



e The input impedance of the inverting and non-inverting inputs is infi-
nite so there is no current that runs into the op amp

e The output impedance is 0 (no voltage drop at the output of the op
amp)

With this in mind, we can solve for the output voltage of the Schmitt
trigger by setting up a system of equations and solving for V.
First, let’s set up the following scheme for the nodes of interest:
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Schmitt trigger with currents marked

le == 7:2 + i3 (1)
Vour = 13R3 + 11y (2)
Vb = 19l + 114 (3)

This produces a system of equations that can be row reduced:

iy iy i3 |

1 -1 —1] 0
Ry 0 Ry | Vou
Ry Ry 0| Vi




After row reduction, this becomes:

1 0 0 RoVout+R3 Vi
R1Ro+R1R3+R2R3

0 1 0 R1 (Voo —Vout)+R3Viy

R% Ro+R1 R3+RoR3

R1 Voutfvbb)+R2Vout
Rl R2 0 Ri1R2+R1R3+R2R3
We can now find V;,, = Vj,:
‘/in = Z-1R1

Then, using our solution above yields

B RoVour + RaVip
RiRy+ R1R3s + RoRs

V;n Rl

This looks ugly, but we can simplify it using the following definition:
1 1 1
Ri||lRo||.. || Bn= =+ = .. =
el B = (3 + e )
For three resistors, this becomes

Ri Ry R

Ry||Ry||Rs =
il o[ Ry Ry + Ry Rs + RoRs

Therefore, we can simplify to make our final expression
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