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Abstract


  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.








Background and Reference





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 and Equipment





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:  





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.





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.
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Figure 1.  Circuit1 Astable Multivibrator Schematic
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Figure 2.  Circuit 2 Monostable Multivibrator Schematic





Theoretical Analysis


Circuit 1


Design frequency:  5.160KHz





C1 = arbitrarily chosen as .0325uf





R1 = arbitrarily chosen as 5.6K ohms





R2 = ((5160/1.44 x C) – 5600)/2





R2 = 1410 ohms


T.O.H 	= .693 x (R1+R2) x C


	= .693 x (1410 ohms + 5.6Kohms) x .0325uF


	= 1.579 x 10^-4 seconds


T.O.L 	= .693 x R2 x C


	= .693 x 1410 ohms x .0325uF


	= 31.76 x 10^-6 seconds


Duty Factor	= R1+R2/(R2)


		= 1410 ohms + 5.6K ohms/(5.6K ohms)


		= 4.972


Frequency 	= 1.44/(R1+2R2) x C


		= 1.44/(2x1410 ohms + 5.6K ohms) x .0325uF


		= 5.262KHz


Period		= .693 x (R1 + 2R2) x C


		= .693 x (2x1410 ohms + 5.6K ohms) x .0325uF = 1.900 x 10^-4 seconds


Circuit 2:


C1 = arbitrarily chosen as .0325uF


T.O.H.		= 1.1 x R x C


R 		= 500 x 10^-6/1.1 x .0325 uF


R		= 13.986K ohms


�
Verification Results
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Figure 3.  Vout, Vc Circuit 1





Vout amplitude = 4.8 VDC


Vout duty cycle = 4.7


Vout frequency = 4.99KHz


Vout period = 201.4 uS


Vout rise time = unmeasurable


Vout fall time = unmeasurable


Vc charge time = 167.4 uS


Vc discharge time = 35.4 uS


Note:  see Conclusion section below for more on the Vc waveform.
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Figure 4.  Vout Circuit 1; Vout Circuit 2





Vout circuit 2 = 3.8 VDC


Vout noise spike = 0.8VDC


Vout overshoot at turn on = +/- .4VDC


Vout ringing at turn on = 1.6uS


Vout circuit 2 rise time = unmeasurable


Vout circuit 2 fall time = unmeasurable


Vout circuit 2 T.O.H. = 467 uS


Vout circuit 2 T.O.L = 135uS








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 connected to the output of circuit 1, the output of circuit 2 did indeed trigger to the high output state for approximately 500uS, but did show some switching noise as circuit 1’s output transitioned from low to high states, as indicated by the spike on Figure 4.  Rise and fall times for both circuits were too fast to be measured by the lab oscilloscope, but obviously did have some finite time.











Discussion


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.


