ENGR 210 Lab 7
RC Oscillators and Measurements

Motivation

We could have haglou do alab inwhich you measurethe exponentiatesponse of RC

and RL circuits but we thougltitatwould be pretty boring and simplyepeatwhat you

have been doing inlass. Typically, the exponentialime response of a@ircuit becomes
important when you are trying to do something very fast (like a digital signal on a computer
bus) or when you are trying to time something. Since timing is extremely useful to anyone
working with sensors, real-time control, data acquisitiorthis lab is devoted to a special

type of integrated circuit called a timer which uses the exponential response of a simple RC
circuit to time events, create pulses of known durationand even conversensor
information into pulses which can be easily counted by a computer.

Background: the classic timer chip: the 555

The most popular timer or waveform-generator IC is the 555 (and its successors). It is also
an easily misunderstoochip. The equivalent circuit of th&55 is shown in Figure 1.
Some of the symbols adbgital and youreally have noseenthembefore (unless you are
taking ECES281), so yoyrobablywon't become &55 expertfor awhile yet. But the
operation of théb55 chip is simple enough: ThHOUTPUT (pin 3) goes higlfnear V..
typically 5 volts) when the 555 receives a TRIGGER* input, and it stays there until there is
an input at the  THRESHOLIput, at whichtime theOUTPUT goes lownearground)

and the DISCHARGE transistor (for the moment just think ofttaesistor as a switch) is
turnedon. The TRIGGER* input is activated by an inplgvel below 1/3*V ., and the
THRESHOLD is activated by an inplegvel above2/3*V ... Incidentally, the * in the
TRIGGER?* indicates that this is a low true logical signal. Wheun see TRIGGER* you

read it andsay it asNOT TRIGGER. Wewill learn about digital logidater; however, a
normal digital logic signal is “truelivhen it is high omear 5volts, and “false”when it is

low, or near zerovolts. This iscalled a normahigh true signalthe * indicates that the
logic signals are inverted or low true — the signal is “trad¥enthe voltage is neatero,

and “false”whenthe voltage is near Bolts. If this is still confusing, just look at the
waveforms near pins 2 and 6 in Figure 1. Thbegw, forexamplethat theTRIGGER*

input operates when the voltage at pin 2 drops below 1{3*V

The easiest way to understand the workings of the 555 is to look at an example. Figure 2
showsthe 555 operating as an oscillator. Whéme power is turnedn, the capacitor is
initially discharged; so th855 TRIGGER*input is true and causdble output to go
HIGH, the discharge transistor, @ switch off, and the capacitor to begin charging toward
10 volts through R+ R;. Figure 2 is poor buthe power supplyvoltage is+10 volts.
When the capacitor charges up to aliGtV ., the THRESHOLD input isrue, causing
the output to gd-OW and Q to turnon, which shorts C to ground through, R The
operation of thigircuit is cyclic, with C's voltage going betweet/3*V . and 2/3*V
with a period T =0.693(R+2R;)C. Thisformula is an approximate one supplied by the
manufacturer on data sheets for the 555e outputyou generallyuse isthe square wave
output at pin 3 of the 555.

The 555 makes a pretgood oscillator, withstability approaching 1% -that meanghat
the frequency does not change by more than 1%. It can run from a single positive supply of
4.5 to 16 volts with the exact value not being critioahintaininggood frequencytability
with supplyvoltagevariations. This happens becaubke chipswitches at 1/3*\{. and
2/3*V .. and simply follow any fluctuations in ). The555 canalso be used tgenerate
single pulses of arbitrary width, this is called a monostable oslboe This is extremely



useful to“clean up” noisy pulses. Because the chip contaim®@mparators, gates, and
flip-flops people have found many non-timer uses for the 555 and hidtasne a game in
the electronics industry to try to think of new uses forib. Incidentally, a 555 is used
as an analog-digital converter in many of the deep-fat fryers you see in fast food stores.

9
Jimid 3B

l B 2 12V

irigger 5
e @4 af
ilsk —= ADmA @ A5y
a Wi threshald == - P0mA @ 02y
® >0
0 p—
A st
E——
dixkarge
3 L s
= [1,5m A&
prfrufid - iriart
Figure 1. Simplified 555 schematic.
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Figure 2. The 555 connected as an oscillator.



A caution about thé55: The 555, along with some othelimer chips, generates a big
(~150mA) supply-current glitch during each output transition; mo@di®S versions are
better and do not generate currspikesthat are asarge. Be sure to use leefty bypass
capacitor near the chip. This means that if you are using it with any other integrated circuits
you should put &apacitorfrom the power supplylead to theground lead. Practice is to
put this capacitor as close to the chip pessible.You can everbuy integrated circuit
sockets with acapacitor betweepower and groundbuilt in. A goodvalue of bypass
capacitor is from 0yf to 2.2 uf. If you ever encounter strange outputs frim 555 or
oscillations in other integrated circuits used in a circuit withb& you probably forgot to
bypassthe 555 orthe bypasscapacitorshould be larger.You should notneed abypass
capacitor in the simple 555 circuits you will build in this lab.

Part A: Locate a data sheet for the 555 and 556 integrated circuits

Locate and find a data shdet boththe 555 and 556ntegrated circuit timechips. Hint:

you can use the chip specific search engines on the ENGRo21® page — check under
“Tools”--> “Chip Selector”. A furthehint: Thesetimer chips used to be known as the
NE555 and NE5S56. Other letters preceding the three migitbers such as LM and LMC
arealso possible.These other letters designate improvedsions ofthe 555 madewith
CMOS. One such example is the 7555 which runs up to 500 kHz (versus 100 kHz for the
555). It also has a very high input impedances and larger output swistgsdateristic of
CMOS). Attach copies of these data sheets to your lab report.

Part B: 555 IC Relaxation Oscillator

The 555 andsimilar chips havemade thedesign of moderate-frequency oscillatessy.

There is seldom any reason to design an oscillator from scraitwh RC circuit alternately
charges and discharges atite output frequency of oscillation islaimed by the
manufacturer to be approximately given by

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

1. Construct the 555 relaxation oscillagtrown in Figure 3. Use 10 voltsstead of 15
volts.

2. Look atthe outputwaveform from Pin 3 with an oscilloscope. Sketch your output in
Data Table 1.

3. Now look at the waveform athe capacitor (aPin 6) with your oscilloscope. Be sure
to use scope probes for this measurement. Sketch this waveform in Data Table 2.

4. Now replace Rwith a short circuit (a wire). Sketch the output voltagBataTable 3.
Sketch the capacitor voltage in Data Table 4.



Part C: 555 One Shot

A one-shot is a device which, in response to a short trigger pulse, produces plosger
These circuits have important applications in digital cironhigre theycan provide signal
delays and can “stretch/ery short pulsento longerpulses tooperate computer logic
more reliably. These circuits also have important applicatiomgital communications,
biomedicalengineering, and any othapplicationwhere youneed to clean up a digital
signal in the presence of noise. A typical one-shot circuit using the SB6vs in Figure
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Figure 4. 555 monostable
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Figure 5. 555 waveforms: input (upper), output lower

As long as the input pulse is low for at least 20 nanoseconds, the output is a positive going
pulse which will remain high (nedine supply voltage)for atime t, which is specified by
the manufacturer to be approximately given by

t,=11RC (2)

There is also a RESET* inputhich can override theTRIGGER* and THRESHOLD

inputs to the chip—we will not use this feature in this lab. The trigger pulse must be shorter
than the desired,t The techniqueised in Figure 4 ttrigger the555 is described in the
Phillips Semiconductodata sheets. The resistor R andthe 0.Juf capacitor at the



TRIGGER* input act as adifferentiator of the inpuinput. These circuitvalues will
differentiate the narrow negative pulse (described below) to produce a large negative going
pulse (which will trigger the 555) and a slightly smaller positive going pulse (which will be
ignored by the 555). These pulses respectively correspaheé teegativegoing edge and

the positive going edge of the function generator’s outpue procedurdor building and

testing a 555 monostable is:

1. Construct the 555 monostable shown in FigureDdive the triggerinput (Pin 2) with
the H-P function generator.Adjust the generator outpiédr a 4% dutycycle (avery
narrow pulse) at about 100 Hz. See the note below for how to do this!

2. Look atthe outputfrom the function generator on Channel lyolur scope.Look at
the output of the monostable on ChanneVary the duty cycle of theH-P function
generator. The monostablshould be producing pulses whibhve a constant width
(determined by the Rand C in your monostable circuit) at the frequency determined by
the function generator. Sketch your oscilloscope displ®aia Table 5

NOTE: There is a special note on the H-P Web site about adjusting the 33120A to produce
very low duty cycle output pulses. This procedure appropriate for this part of the lab is:
1. Power up the H-P 33120A asdt the output to HIGH Z mode This is very
important!

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)

This should produce a 408 negative going pulse similar to that shown in Figure 5 at
the 555’s TRIGGER?* input.
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Part D: 555/556 Water Level Sensor

This is a complex application of tf5. Weare going to usehe 555 to construcseveral
variations of a sensor which measures the level of water in a beaker.

1. Build the circuit ofFigure 3. Replace R with a 22K) resistor. Replace R with a
short circuit (a wire).

2. Replace Gvith a homemadeapacitorconsisting of two connections tokeaker of
water. One connection will connect the circuground tothe water. Thiscan be a
simple wire with the end stripped bare. The bare end must go in the water.

3. The other lead will be madeom 10-20 inches oénameledvire — this is thin wire
covered with a thin insulating varnigpaint). You have tosand or scrapthe ends of
the wire to get agood electricalconnection toyour circuit. This is not as easy as it
sounds! Be surthat no barenetalfrom this second wire comes gontactwith the
water. Fold this wirento a loop andlace it into a beaker partially fillegith water.
Connect the two bare ends of this wire together and to giawit asshown in Figure
7.

4. Turn on the power supply. Look at the output of your circuit using the oscilloscope.

5. Vary the water level by adding water to tieaker. Measure and record the frequency
of the output signal as a function of the waésel in DataTable 6. You can estimate
the waterlevel by looking at thebeaker, oreven using asmall ruler. Your
measurements of the water level do not need to be very accurate as we are not interested
in calibrating this sensor.



Producing a frequency which varies as a function of some seusetdity (in thiscase
water level) is a very common way for a modsemsor whichnterfaces to a computer to
work. The computer simply countise pulses as a function dfme and does nobeed an
analog-to-digital convertdor that sensor. Now waeare going to look at a mucimore
complicated sensor which is designed to work with a DC voltmeter.

1. Build the circuitshown in Figure 7 usinthe component valugsom Table 1. This
circuit can actually be built using two 555’s; however, to make this simpler to build will
use usingthe 556 which is two 555’s irone package.The first timer in the 556
operates as an oscillator similar to wiati built in Part B. The second 55®perates

as a one shot similar to what you built in Part C. However, the second 6péraged

as a variable modulator changing the pulse widtthefoscillator output in accordance
with the level of the water in a beaker. Use the same homemade capawitesed for

the previous part for the water level sensor.

Connect the outpdtom pin 9 of thiscircuit to your scope input. Also connect the
DMM (set to measure DC volts) to the output from pin 9.

Place the capacitgensor wires ithe beaker. The beakeishould beapproximately
25% full initially. Turn on the circuit power.

Adjust the scope to get a good picture of the output waveform.

Vary the watetevel by adding dlittle bit of water. Record thewidth of your output
pulses as measured by the oscilloscope and the DC voltage as measured by the DMM as
a function of the water level. Sketch a typical oscilloscope display in Data Table 8.
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NOTE: If the DC voltmeter reading is fluctuating too much to ggb@d readingyou will
need to add a filter tgour circuit. The circuit diagranfor a suitable filter isshown in
Figure 6. The component valueshownare just suggested values and yoan substitute
resistors and capacitors of different values over a wide range.

Component | Value

R1 471Q

R2 1kQ

R3 1kQ

R4 22lQ

Cl 0.00Quf

C2 0.0Quf

C3 0.00Quf

C4 0.00f

C5 constructed fro
enameled wire nr

Table 1. Component Values for the Circuit of Figure 7.
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Figure 6. Filter circuit for sensor output (Optional)
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Figure 7. Water Level Detection Circuit



DATA SHEET FOR LAB 7

Student Name (Print):

Student Signature:

Student Name (Print):

Student Signature:

Lab Group:

Student ID;

Date:

Student ID;

Date:

Data Table 1. Sketch of 555 oscillator output

Volts/div:

Time/div




Data Table 2. Sketch of capacitor voltage as a function of time.

Volts/div:

Time/div

Data Table 3. Sketch of output voltage as a function of time Rshort).
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Volts/div:

Time/div



Data Table 4. Sketch of capacitor voltage as a function of time fRshort).

Volts/div:

Time/div

Data Table 5. Sketch of monostable circuit performance.

Volts/div (Channel 1):

Volts/div (Channel 2):

Time/div
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Data Table 6. Frequency as a function of water level.

water level output frequency

Data Table 7. Water level sensor measurements

water level output pulse width output voltage level
(oscilloscope measurement)(DC voltmeter)
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Data Table 8. Sketch of water level sensor output.

Volts/div (Channel 1):

Time/div
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REPORT SHEET FOR LAB 7

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

ANSWER THE FOLLOWING QUESTIONS:

For Part A:

1.

Where (what URL) did you find your data sheets?
ATTACH YOUR DATA SHEETS TO THIS REPORT!

Eor Part B:

1.

For your measured 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 these values make

2.

sense in terms of how the 555 is supposed to operate?
3.
4

Explain what happened when you shortgthRtep 47?
What would happen if you replaceg Rith a thermistor similar to the ones you used

" in Lab 4? Describe the behavior of this circuit as a function of temperature.

For Part C:

1.
2.

Is thewidth of the pulsescorrectly predicted by Equatio(2) asclaimed by the
manufacturer? If not, explain why not.

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

For Part D:

1.
2.

What is the rangever whichthe duty cycle of your output waveform fronthe 556
changed as you varied the water level?

Explainhow the DMM measurements varied as a function of water leRRdmember
that the waveform is varying and the DMM is set to @ts. HINT: A DCvoltmeter
measures the average value of a waveform.
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