ENGR 210 Lab 8
RC Oscillators and Measurements

PUI‘pOSGZIn the previouslab you measured the exponentigsponse of RC circuits.
Typically, the exponential timeesponse of aircuit becomes importanvhen you are
trying to do something very fast (like changidigital signals on a computdus) or when

you are trying to time something. Since timing is extremely useful to anyone working with
sensors,real-time control, or data acquisitiorthis lab is devoted to a special type of
integrated circuit called a timer whiclsesthe exponentiatesponse of aimple RC circuit

to time eventsgreatepulses of known duratiomnd even convert information inpulses
which can be easily counted by a computer.

A. Backg round:  The most popular timer or waveform-generator IC is the 555
(and its successors). It is also an easily misunderstood chgmpte equivalent circuit of
the 555 is shown in Figure 1. A resistdivider network produceseference voltages of
1/3V.. and 2/3\.. for the op amps — M. is the voltage used to powtte chip, typically

5 volts or more. Thetwo op ampdunction as comparators causitig output to change
wheneverthe input voltagegoes above or belowtheir referencenput. For example,
whenever the TRIGGER* input is below 1/3\the output of thé55 is high igear o).
The THRESHOLD works irexactly theopposite way; wheneveéhe THRESHOLD input
is above 2/3\ the output of th&55 will be low (approximatelyzero). There is also a
separate transistor outpedlled DISSHARGE whichcan beused as a&eparate switch to
turn things on and off. By connecting these inputs and outputsvaraiaysthe 555 can
be made to perform a very large number of electrical functions.
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Figure 1. Simplified 555 schematic.



NOTE: The * in theTRIGGER* is acommon digital logic notatiofor indicating thatthis

is a lowtrue logicalsignal. \Whenyou see TRIGGER* youead it andsay it as NOT
TRIGGER. We will learn about digital logic later; however, a normal digital logic signal is
“true” when it is high or near 5 volts, and “false” when it is low, or near zero volts. This is
called ahigh true signal sincthe voltage ihigh whenthe signal istrue. The * simply
indicates that the logisignalsareinverted, or lowtrue — the signal is “truewhen the
voltage is near zero, and “false” when the voltage is near 5 volts.

The easiest way to understand the workinggheb55 is to look at an example. Figure 2
shows the 555 connected to operate as an oscillator. When the power is firsbtyritiesl
capacitor is initiallydischarged; so thB55 TRIGGER*input is low (near zero) which
makes theOUTPUT HIGH, the DISCHARGE transistor is open, anithe capacitor
charges toward 10 volts (tlmwer supplyoltage) through R+ R;. When the capacitor
voltage reaches about 2/3%V the op amp connected to the THRESHOLD input causes the
OUTPUT to go to zeroThe DISCHARGE switch also turns on and shorts C to ground
through R. This causethe capacitor voltage to decrease#vo. However, as soon as
C's voltagedrops below 1/3*\. the op amp connected to tA&RIGGER* input senses
this. The opamp outpuithanges which causése 555's OUTPUT to go high and opens
the DISCHARGE pin causing C to charge agmin. The basic operation dhis circuit is
cyclic, with C's voltage going back and forth between 1/3*&hd2/3*V .., with a period
given be T = B9I93(R,+2R;)C. This formula is an approximate one supplied by the
manufacturer on data sheets for the 555.
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Figure 2. The 555 connected as an oscillator.

A circuit that produces a repetitive output like that shown in Figurecalled anoscillator.
The 555 makes a pretty good oscillator. The 555 can also be ugedet@te singlpulses
of arbitrary width. This type of circuit isalled amonostable or onshot and isxtremely
useful to “clean up” noisy pulses. Because the 555 integcatadt containscomparators,
gates, and flip-flops people have found many non-timer uses for the 555 andechase
a game in the electroni@sdustry to try to think of newses forthe 555. Incidentally, a
555 is used as a timer in many of the deep-fat fryers you see in fast food stores.



A caution about thes55: Wheneveryou discharge acapacitor you generate larg
instantaneous currents which can interfere with other integrated circuits. Whenever jyou are
using the 555 with any other integrated circuits you should papacitor (the value is npt
critical and can bé&om 0.1uf to 2.2 pf ¥rom the power supplylead to theground lead

Good practice is to put this capacitor as close to the chjpssble. If youever encount

strange outputs from the 555 or oscillations in other integrated circuits usetianitawith

the 555 you probably forgot to bypa#ize 555 orthe bypasscapacitorshould be largey.

You should not need a bypass capacitor in the simple 555 circuits you will build in thys lab.

B. Lab Procedure:

1: Locate a data sheet for the 555 integrated circuit

Locate and find a data sheet for the 555 integrated circuit imer Hnt: you canuse the
chip specific search engines tme ENGR 210home page — checkinder “Tools”-->
“Chip Selector”. A further mmt: This timer chips were originalljknown asthe NE555.
Any other letterssuch as LM and.MC preceding thes55 usuallyindicates an improved
version of the 555. Attachane-pagecopy of the 555 pinout from this dagheet toyour
lab report — points will be taken off for multipage submissions.

2: 555 IC Relaxation Oscillator

The 555 andsimilar chips have rade thedesign ofrelatively complex circuitsuch as an
oscillators relativelyeasy. An RCcircuit connected to th&55 as shown in Figure 3
alternatelycharges anddischarges. The frequency of thesehanges (the oscillation
frequency) is claimed by the manufacturer to be approximately given by

fose =1 /(0.7 [R, + 2R,]C)
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Figure 3. 555 astable oscillator

(a) Construct the 555 relaxation oscillator shown in Figure 3.

(b) Look at the output vaveform from Pin 3 withChannel 1 ofyour oscilloscope.
Simultaneously look athe capacitor wveform (at Pin 6) withChannel 2 ofyour
oscilloscope. Be sure to use scope probedhese measurementsWith both the
output and capacitovaveforms showing on youwscilloscopedisplay, record your
waveforms using Benchlink Scope.



(c) Replace Rwith a shortcircuit (awire). Makesure you see bottihe output vaveform
from pin 3 andthe threshold waveform from pin 6 on your oscilloscagisplay.
Record these voltage waveforms using Benchlink Scope.

3: 555 One Shot

A very useful circuit is a one-shot, also called a monostable. Basically a one-shot produces
a longer output pulse in response to a shgotit pulse. These circuits have important
applications in digital circuitsvhere theycanprovide signal delays armhn “stretch” very

short pulses into longer pulses to operate computer logic more reliably. These circuits also
are used indigital communicationsbiomedical engineering, and any othepplication

where youneed to clean up a digitaignal in the presence oiise. Atypical one-shot

circuit using thes55 is shown in Figure 4This circuit is exactly the same as the astable
oscillator except that pin 2 is no longer connected to pin 6.
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Figure 4. 555 one-shot

The TRIGGER pulse must be shortiman thedesired { . A negativegoing (or falling)
input pulse will cause the 555 output to go high as shown in Figure 5. As |timg iaput
pulse is low (for ateast 20nanoseconds}the output is a positivgoing pulse whictwill
remainhigh (nearthe supply voltage)for a ime t, \specified by the manufacturer to be
approximately given by

t,=1.1RC (2
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Figure 5. 555 one-shot waveforms

@ Construct the 555 monostable shown in Figure 4. Note that you only neekeo
a few small changes from your previous circutonnect the trigger inpgPin 2)
to theH-P function generator.Adjust the generator outptdr a 4% dutycycle (a
very narrow pulse) at about 100 Hz. See the note below for how to do this!

(b) Connect the outputrom the function generator to Channel 1 wbur scope.

Connect monostable output from pin 3 to Channel 2. Vary the duty cycle of the H-P

function generator.The monostableshould be producing pulses whittave a

constant width(asdetermined by the Rand C in yourmonostable circuit) at the
frequency determined by the functigenerator. Record your oscilloscope display
using Benchlink.

NOTE: There is a special note on the H-P Web site about adjusting the 33120A to groduce

very low duty cycle output pulses. The procedure appropriate for this part of the lablis:
Power up the H-P 33120A

Set the frequency to 1 kHz

Set the amplitude to 10 Vp-p

Select square wave output

Set the duty cycle to 60%

Select Burst Modulation (this is above one of the front panel buttons)

NohwNE

the 555’'s TRIGGER* input.

4: 555 Water Level Sensor

This is a complex application of the 555. We are going tahesB55 to construct aensor
which measures the level of water in a beaker.

@ Modify your one shotircuit from Figure 4 byreplacing R with a 22K) resistor
and replacing Rwith a short circuit (a wire).

(b)  You will now replace Cwith ahomemade capacita@onsisting of twoconnections
to a beaker ofvater. One connection will connect the circuground tothe water.
This can be a simple wire with the end stripped bare. Bend the wir¢gheeamd to
get an L ashown in Figure §The L shape helps holtie wre in the water and
gives a better signal). Place the béwatie end in thevater. The other lead will be
made from10-20 inches oénameled we — this is thin wire covered with thin
insulating varnish (paint)You may have t@sand or scrapthe ends ofthe wre to

This should produce a 400 us negative going pulse similar to that shown in Figuge 5 at

get a good electrical connection to your circuit. This is not as easy as it sounds! Be

sure that no bare metal from this second wire comes in contact with the water.



this wire into a loop anglace it into a beaker partially fillegith water. Connect
the two bare ends of this wire together and to your circuit as shown in Figure 6.

(c) Turn on the power supply. Display the input and output waveforms ofcyrouit
on the oscilloscope. Record these waveform using Benchlink Scope.

(d)  Vary the waterlevel by adding water to théeaker.The 555 is operating as a
variable modulator changing thaulse width ofthe signal generator output in
accordance withithe level of thewater in thebeaker. Usethe oscilloscope to
measure the average value of the output signal as a function of thelevaler
Record this information iData Table 1. You can estimate tlveater level by
looking at the beaker, or even using a small ruler. Your measuremehes eéter
level donot need to be vergccurate as we amot interested in calibrating this
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Figure 6. Home made capacitor for water level sensor

Producing a signal mose properties vary asfanction of somesensedquantity (in this
case water level) is mery commonway for a modernsensor whichinterfaces to a
computer to work.



DATA AND REPORT SHEET FOR LAB 8

Student Name (Print): Student ID;
Student Signature: Date:
Student Name (Print): Student ID;
Student Signature: Date:
Student Name (Print): Student ID;
Student Signature: Date:

Lab Group:

Data Table 1. 555 output as a function of water level.

water level Average value of 555 output
waveform

Make sure you have collected the following oscilloscope displays before leaving the lab.
Part 2(b). Oscilloscope display of 555 oscillator output. R10kQ

Part 2(c). Oscilloscope display of 555 oscillator output. Rshort

Part 3(b). Oscilloscope display of 555 one-shot output.

Part 4(d). Oscilloscope display of water level sensor output.



Attach the 555 data sheet and your four oscilloscope displays to this report.
Label each one.

For Partl.
1. Where (what URL) did you find your data sheets?

For Part2:

1. For yourmeasured output of the oscillator is the frequency correctly predicted by
Equation (1) as claimed by the manufacturer? If not, explain why not.

What are the maximum and minimum voltages on the capacitor? Do thesemnalees
sense in terms of how the 555 is supposed to operate?

Explain what happened when you shortgihRstep 4?

What would happen if you replaceq Rwith a thermistor similar tthe ones you used

in Lab 4? Qualitativelydescribe the behavior ofhis circuit as a function of
temperature.

hw N

For Part3:

1. Is the width of the pulsescorrectly predicted by EquatiofR) as claimed by the
manufacturer? If not, explain why not.

2. What are the maximurand minimum voltages of theutput waveform? Will these
vary of you change the input voltage (the voltage ftbensignal generator)? Why or
why not?

For Part4:.
1. What is the rangever which averagealue ofyour output waveform fronthe 555
changed as you varied the water level?



