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Abstract

 [This section should explain what the purpose of the experiment and/or what was to be demonstrated.  Always use complete, grammatically correct sentences throughout the report.]  

This Lab is to design and construct two basic applications for the LM 555 timer IC:  a monostable multivibrator and an astable multivibrator, and analyze their characteristics using the oscilloscope.
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Background and Reference

[This section should provide the references used to understand, setup, and perform the experiment.  It will include a reference to the experiment instructions, reference to books, articles, and manuals used in the experiment]
Path:  (1) Read applicable sections of the Student Reference Manual, and XYZ’s of Analog and Digital Oscilloscopes.  (2) Calibrate the oscilloscope probes using the internal reference waveform.  (3) Design and construct the given circuits and use the oscilloscope to analyze their characteristics and record the results. 

References:  Student Reference Manual for Electronic Instrumentation Laboratories
By Stanley Wolf and Richard Smith, Copyright 1990.  

XYZ’s of Analog and Digital Oscilloscopes published by Tektronix, Copyright 1992.

Basic Electronics By Bernard Grob, Copyright 1984.

Lab Procedure “LM 555 Timer/Oscillator Circuits” from Class Webpage:
http://ecelabs.pbworks.com/w/page/11066103/Laboratory%20Experiments%20%28ECE%20206%29
Lab Procedure and Equipment

[This section will note the above reference to the experiment instructions as the procedure.  Any variations from the referenced procedure should be noted in this section.  This section should contain everything needed to perform the experiment and duplicate the results, either by reference or explicit statements.  Circuit Diagrams should be explicitly appear here.]
Equipment:  
Tektronix 2246 analog oscilloscope



Tektronix TM504 function generator



Tektronix DC 504 frequency counter/timer



LM 555 timer (2) IC



Resistor (1410 Ohms, ¼ watt)



Resistor (5.6K Ohms, ¼ watt)



Resistor (14K Ohms, ¼ watt)

Capacitor (2) (ceramic disc, .325 uF)



Capacitor (2) (ceramic disc, .1 uF)



Various test leads with BNC plugs/test clips



1x and 10x oscilloscope probes



Lab notebook, calculator and pen

Procedure:  

Lab Procedure “LM 555 Timer/Oscillator Circuits” from Class Webpage:

http://ecelabs.pbworks.com/w/page/11066103/Laboratory%20Experiments%20%28ECE%20206%29
Circuit 1:  (Refer to Figure 1. below)

After performing the required oscilloscope calibration, circuit 1 was constructed using the calculated values shown in the Theory section below.  A supply voltage of +5VDC was applied to the circuit and connection made to the oscilloscope CH 1 (Vc at pin 2 of the 555), and CH 2 (Vout at pin 3 of the 555).  The oscilloscope was adjusted to properly view the resulting waveforms (refer to Data section below).  Various measurements were made including period, frequency, rise time, fall time, charge and discharge time for the capacitor, and duty cycle.
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FIGURE 1.  Circuit1 Astable Multivibrator Schematic 
Circuit 2:  (Refer to Figure 2. below)

The circuit was constructed using the calculated values shown in the Theory section below.  The output of circuit 1 (pin 3) was connected to the trigger input of circuit 2 (pin 2).  A supply voltage of +5VDC was applied to both circuits and connection made to the oscilloscope CH 1 (Vout at pin 3 of circuit 1), and CH 2 (Vout at pin 3 of circuit 2).  The oscilloscope was adjusted to properly view the resulting waveforms and sync using circuit 1 output (refer to Data section below).  Observations were made of circuit 2 relative to the input from circuit 1.  These included the output; overshoot of the changing output, and switching noise.
[image: image2.png]°

VOC.
TRIGGER
RESET OUTPUT
CONTROL
THRESHOLD.
DISCHARGE

GND

1| 858D

Output





FIGURE 2.  Circuit 2 Monostable Multivibrator Schematic

Theoretical Analysis

[This section should explicitly state the formulas used and show the calculated expected results.  These expected results should use the actual measured values of the components used in the experiment.]
Circuit 1

Design frequency:  From last 4 digits of Student ID: 5160 Hz = 5.160KHz

C1 = arbitrarily chosen as in procedure to be 0.01uf and the measured value of the capacitor was 0.00999 uf.
Target Frequency = 5.160kHz  therefore T (period) = 1/F = 1.938 x 10-4  = 0.1938 mSec
With a 60% duty cycle,  .6 x T pulse width then the Time of Low (TOL) = .4 x T = 7.7534 x 10 -5  = 77.534 uSec.  
[ Calculate the target resistor values]  

From LM555 datasheet ToL = t2 = 0.693 x R2 x C therefore

R2 = (77.534 x 10-6)/(0.693 x C) = (77.534 x 10-6)/(0.693 x 0.00999 x 10-6) = 11188.156
R2 = 11.188 kOhms is the Target Resistor Value for R2 but the actual resistor used was measured as 11.205 kOhm.  This is the Actual Resistor Value for R2.
Now with R2 equal to 11.205 kOhms, The Actual Value of t2 will be t2 = 0.693 x R2 x C = 0.693 x 11.208kOhms x 0.00999 uf = 77.5938 uSec 
So the Expected Value of t1 = T – t2 = 0.1938 mSec - 77.5938 uSec = 116.206 uSec
Now duty cycle is t1/T =   = .5996 x100% = 59.96 % so we are still on target for  60%

From LM555 data sheet:

Time of High (pulse width) (ToH) = t1 = 0.693 x (R1 + R2) C =>
R1 = t1/(0.693 x C)  - R2 = [116.206 uSec/(0.693 x 0.00999 uf)] – 11.208kOhms = 5577.328.  This is the Target Value for R1.
The R1 selected measured 5.600 kOhms  so with the Actual Values of R1 = 5.6kOhms and R2 = 11.208kOhms and C = 0.00999 uf we calculate the Expected Values for t1, t2, T(period), frequency, and duty cycle:

[Calculate the Expected Values for the Design Parameters]
Expected ToH = 0.693 x (R1 + R2) x C = 0.693 x (5.6kOhms + 11.208kOhms) x 0.00999 uf = 116.363 uSec
Expected ToL = 0.693 x R2 x C = 0.693 x 11.208kOhns x 0.00999 uf = 77.594 uSec

Expected Period T = t1 + t2 = 116.363 uSec + 77.594 uSec = 193.957 uSec
Expected Frequency f = 1/T = 1/(193957 x 10-6) = 5155.782 Hz

Expected Duty Cycle = t1/T = 116.363 x 10-6 / 193.957 x 10-6 = 0.5999

Expected Percent Duty Cycle = 0.5999 x 100% = 59.99 %
Circuit 2:

[Calculate the Target Values for RA]

From Lab Procedure Target value for C is set to 68 uF.  

Actual value of C as measured is 64.7 uF.

From the LM555 datasheet section for the monostable multivibrator:

T.O.H.

= 1.1 x R x C

So Target Value for RA = 1Sec/(1.1 x C) = 1/(1.1 x 64.7 x 10-6) = 14050.86
[Select a Resistor and Measure its actual value]

Using standard 5% resistor values, select 2 resistors to form R2, RA1 is 13K and RA2 is 1.1K the Actual Value of RA1 is measured at 12.945 kOhms and RA2 is measured at 1.150 kOhms so the combining these the:

 Actual Value of RA is 14.095 kOhms.

[Calculate the Expected Value of the TOH (Pulse width time)]

Expected Value of TOH(pulse width) = 1.1 x 14.095 x 64.7 x 10-6 = 1.0031 Seconds
[Calculate the Expected Value of the current in the resistor]

Assuming a 220 Ohm series resistor and a drive voltage of 4.1 V with an LED voltage drop of 1.9 V:

V = RI => I = V/R, 

V = Vsource – Vled = 4.1 – 1.9 = 2.2V and R = 220 => 2.2/220 = .01 A =>

Expected LED Current = 1.0031 Sec.
Verification Results

[This section should contain the actual results of the experiment and how they compare to the expected results.  This information should be presented in a table where the first column is the name of the characteristic being measured, the second column is the expected value of the measurement, the third column is the actual value measured, the forth column is the error between the two values, the fifth column is the percentage error, and the last column is for comments.  There should always be a comment if the percentage error is greater than 15%.  This comment will express the reason for the large error.]





Figure 3.  Vout, Vc Circuit 1
Parameter
Expected Value
  Actual Value
Error
%Error
Comment

Pulse Width
116.363 uSec
  115.989 uSec
.374uS
0.321

Pulse Period
193.957 uSec
  194.110 uSec
-.153 uS
0.594 
Frequency
5155.782 Hz
  5151.172 Hz
4.608Hz
0..894
Amplitude
3.3V

  4.1 V

0.8 V
24.24
From Datasheet Typical Value
Rise Time
NA

  3.2 nSec
NA
NA
Overshoot
NA

  1.37 V

NA
NA
Duty Cycle
0.5999

  0.5975
.0024
0.4
% Duty Cycle
59.99

  59.75

.24%
0.4
TABLE 1: Circuit 1, Astable Multivibrator Circuit Measurements





Figure 4.  Vout Circuit 1; Vout Circuit 2

Parameter
Expected Value
  Actual Value
Error
%Error
Comment

Pulse Width
1.0031 Sec
  0.998 S
.002
0.2

Amplitude
3.3V-Typ
  4.1V

0.8
24.24
From Datasheet Typical

Overshoot
NA

  1.5V

NA

Rise Time
NA

  3.2 nS

NA
Fall Time
NA

  2.8 nS

NA

Rled Current
1.0031 Sec
  1.000

.0031
.31

Table 2, Circuit 2, Monostable Multivibrator Parameters

Results:  Circuit 1 performed closely to the designed specifications.  Note that the Vc in figure 3 could not be drawn as was actually seen on the oscilloscope – the actual output was more of a ‘shark fin’ shaped waveform (i.e. curved downward during charge time; curved inward during the discharge time).  When circuit 2 was triggered, the output of circuit 2 did indeed transition to the high output state for approximately 1 S, as indicated by Figure 4.  Rise and fall times for both circuits were measured by the lab oscilloscope, and were very fast compared to the pulse widths.

Discussion

[This section is where difficulties and possible improvements in accuracy concerning the measurements will be made.  Any questions raised in the assignment will be answered.  Any extensions, improvements, and suggestions for the experiment will be detailed.]

The LM 555 timer is a very useful IC with a multitude of practical circuit applications.  These devices are often used as above for oscillator circuits, or as switch de-bounce circuits to hold an output in a known state, eliminating false triggering as the switch output settles. They are also often used as event triggers for alarm circuits, or to latch output relays in process control applications.
