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Experiment no : 07
Aim: 


Design of triangular and sawtooth waveform generator for a given frequency 


using 741.

Apparatus: 

Op-amp IC 741, Breadboard,  multimeter, CRO, CRO probes, resistors,




Function Generator, Dual power supply (0 – 30 V) , connecting wires , 



Potentiometer (10K), etc 
Circuit Diagram:
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Theory:






Triangular Wave Generator :




The output waveform of the integrator is triangular if its input is a 


square-
wave. This means that a Triangular wave generator can be formed by 


simply connecting an integrator to the square-wave generator. 





However for designing we are using Triangular wave generator , 



which requires fewer components. The generator consists of 1st opamp as a 


comparator and 2nd opamp as an integrator. The comparator compares the 


voltage at point P continuously with the inverting input i.e at 0V. When the 


voltage at P goes slightly below or above 0V, the output of 1st opamp i.e 



comparator is at the negative or positive saturation levels respectively.




To illustrate the circuit operation, let us set the output of comparator at 


+Vsat. This +Vsat is an input of the integrator. The output of the integrator , 


therefore, will be a negative-going ramp . Thus one end of the voltage- 



divider R2 – R3 is the positive saturation voltage +Vsat and the other is the 


negative going ramp of integrator. When the negative going ramp attains a 


certain value – Vramp , point P is slightly below 0V ; hence the output of 



comparator will switch from +Vsat to -Vsat . This means that the output of 


integrator will now stop going negatively and will begin to go positively. The 




output of integrator will continue to increase until it reaches + Vramp . At 




this time the point P is slightly above 0V; therefore , the output of comparator 




is switched back to the +Vsat level. The sequence repeats.



Peak to Peak Output amplitude of Triangular wave is 




Vo (p-p) =  2 (R2 / R3) * Vsat



Frequency of oscillation is given by 




fo = R3 / ( 4*R1*C1*R2) 



The above expression shows that the frequency of oscillations fo increases 


with an increase in R3.



Sawtooth Wave Generator : 





The difference between the triangular and sawtooth waveforms is that 


the rise time of the triangular wave is always equal to fall time. That is, the 


same amount of time is required for the triangular wave to swing from -Vramp  


to + Vramp  as from +  Vramp  to  Vramp . 





On the other hand , sawtooth waveform has unequal rise time and 


fall time . The triangular waveform generator can be converted into sawtooth 


waveform generator by injecting a variable dc voltage into the non-inverting 


terminal of the integrator. This can be accomplished by using the 




potentiometer (pot) and connecting it to +VCC and -VEE as shown in the fig.




Depending on the pot setting , a certain dc level is inserted in the output of 


integrator . The duty cycle of the square-wave will be determined by the 



polarity and amplitude of this dc level.





A duty cycle less than 50% will then cause the output of integrator to 


be a sawtooth. With the wiper at the center of the pot , the output of integrator 


is a triangular wave. For any other position of Pot , the output is a sawtooth 


waveform. Specifically as the pot variable is is moved towards -VEE , the rise 


time of the sawtooth wave becomes longer than the fall time. On the other 


hand, as the pot is moved towards +VCC , the fall time becomes longer than 


the rise time.

Calculations : 





Design Steps for Triangular wave Generator : 




Given : Vo(p -p) = 7V , Vsat = 0.9VCC , fo = 2Khz




Vo (p-p) =  2 (R2 / R3) * Vsat 



Thus , R3 = 4 R2  ;   Select R2 = 10KΩ  ; R3 = 40KΩ ( 39 KΩ std )  




Also , fo = R3 / ( 4*R1*C1*R2)     ; Let C = 0.01μF



Thus, R1 = 50kΩ ( 51KΩ std)

Procedure:      
1. Wire the designed circuit of Triangular waveform generator on the 



breadboard.



2. Observe the square-wave at output pin6 of 1st opamp and  triangular wave 


at output pin 6 of 2nd opamp on two channels of CRO.




3. Record the amplitude and frequency of both the waveforms and verify the 


observations with the designed values of fo and Vo  (p-p).



4. For Sawtooth waveform , only insert a 10kΩ pot to the non-inverting 



terminal of the integrator. Vary the Pot towards +VCC or -VEE .



5. Observe the changes in the rise and fall time of output waveform by 



varying pot and record them in graph paper.
Observation table :

	Parameters
	Frequency of Oscillation 

fo 

(Hz)
	Output voltage 

Vo (p-p) 

 ( Volts ) 

	Observed 
	
	

	Calculated
	 2KHz 
	7 V p-p 


Results: 
T.E/ETRX/Sem V/LICD                                                                                                                 4

