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Schmitt Trigge Inputs, Decoders

TTL Switching

In this lab we study the switching of TTL devices. To do ha we begin with a
source that is unusud for logic circuits, an offset Snewave from an o<illator.

Experiment 1: Setup the fundion generator asin Figure 1 to make asnesignd that is
offset postively, with amaximum output not greater than 5 vols. Thegaoal isto ob&in a
voltagetha swingsfromavaduenear zero to apostive vauetha will appear as a high
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Figure 1: Sine Signal Generator

stateto TTL input(about2 volts) as shown in FHgure 2.

Thediodeis for protection of the TTL devices tha will be connected to this source. It
enaures tha the input of the source does notgo nore ngydive than £0.7 vols.

An idedl diodewould notpeamit any negative voltage If the offset source would
otherwise have some nggative swing then theideal diodewould lead to an output that
lookslike Figure 3. For areal diodethe oufput, seen on te scope, lookslike Figure 4.

Figure 2: Sine Wave with offset.




Schmitt Trigger, Decoders — Page 2

z 4 e 8 10 12
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Figure 4. Sine Wavewith Diode

Experiment. Vary thelevel of thesnesgnd and the offset so tha you se an ouput
like Figure4. Then st thelevel and the offset so that the output resembles Fig. 2.
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Experiment 2: Conneet the offset AC source to aTTL inverter made from aNAND gate
on a74LS00 & shown in Fgure 5. [Don®forget the +5 volt supply to pin 14 and the
ground b pin 7.]

You should ob®rve the output go low when theinputsine goes abovethe
switching votage You should obgrve the oufput go high when theinputsine goes
bdow the switching vokage

1 You dhould find that the switching vokageis aout1.5 vols. Isthiswha you find?

2  Measure therise time of the oufput

The Schmitt Trigger Input
Read aboutthe Schmitt Trigge (ST) on page 2390f the D& H text. Undestand

150Q2
(O Sine | E o 5V
O Offset ;_ F }_. o

/ N
A for input B for output J__ Supply

Figure5: Sineinverter circuit.
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theroles of ON and OFF voltages.

Experiment 3, ST Input:

Thechip cled the 7412 isaqual two-inputNAND gae. It isthe same as the
7400 Game pin-out too!) except tha on he 74132theinputs are dl Schmitt triggas. The
7415132 s alow-power Schottky version ofthe same.

Carefully pull the 74LS00 outof your circuit and replace it with the 74LS132.
With the 74LS132 n place, you $ould obgrve the oufput go high when theinputsine
goes bdow the GDFFOswitching votage

(& Wha are thevaues of the ON and OFF voltages?

(b) Compare therise time of the output with therise time measured in Experiment 2.
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LED Arrays

The next experiments in this lab use the lightemitting diodearrays. There are 10
LEDs in asingle DIP connected & shown in Hgure 6.
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Figure 6: DIP with LEDs.

Theonly problem is tha you do notkknow which sde of the packageis which.
Experiment: Discover theanswer by atest circuit like that shown in FHgure 7.
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Figure7: Test Circuit.

Remember the anawer.

The quad two-input NOR gate:

The 7402 or 74LS02) is a qual two-inputNOR gate. The pin-outis shown in
Figure 8:



Schmitt Trigger, Decoders — Page 5

14 13 12 11 10 9

v [T jo T\@H

o

. ground

1 2 3 4 5 6

Figure 8: Pinout of 7402.

Experiment: Verify the NOR truth table for oneor two of thelogic gaes of a 74LS02:
[This chip dso needsa +5 volt supply a pin 14 aad aground & pin 7.]

Six NOR gates make a 2-to-4 Decoder

Suppo® tha we want to turn on any one of four circuits from some remote
location. We could s=nd control signds dong four individud control lines.
Alternaively, we could encodethedaa in adigital word and decodeit downgream with
ascheme like this:

Table 1: Two to Four Line Decoder

Code Action Downstream
A B
0 0 Turn on ¢greuit O
0 1 Turn on ¢greuit 1
1 0 Turn on ¢greuit 2
1 1 Turmn on ¢areuit 3

The decoder a the downstream location is a2-line to 4-linedecoder. We can
make it from sx NOR gaes as shown bdow in Fgure 9.
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Figure 9: Two to four line decoder

Calculation: Complete thetruth table for thefour ouputs w, X, y, and z given the four
possible inputs fromlines A and B.

Experiment: Build thecircuit as shown in Hgure 9 usng the diodearray for indicators.
Note tha an LS NOR gate is not capable of sourcing enough airrent to bun outan LED.
Therefore, we do notneed current limiting resistors. We can hook he LEDs of the array
directly to the outputs of the NOR gates.

Verify tha with the four control codes you @n turn on any oneof thefour LEDs.

Three-to-eight Decoder

If we want to ge really seriousaboutthis matter of coding and decoding we can
use achip that is especially designed to decodethree daa lines and give eight output
lines.

Question: Why eight?

A copy ofthe 74138 @code® daa pageis available in the Supplementary
Document area of the course web page. Rrint outacopy for your use. If you look & the
table of outputs YO through Y7 you will see that these are Gactive low.O Tha meanstha
when an ouputisturned on thecorresponding pn goes low. Therefore, to use this
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decode to lightthe LEDs of the array we let the decodea sink current, as shown in FHgure
10 bdow.

A TTL chip can snk quite alot of current. Therefore, we need acurrent limiting
resistor to kesp from buming outthe LEDs with too nmuch aurrent.
Question: Why don©we need a resistor on esch LED of the array?

Experiment: Build thedecoda shown in thefigure bdow and verify its opaation.
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Figure 10: Threeto eight decoder test circuit.

Table 2: Three-to-eight decoder.
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