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Unit -5 

 

SIGNAL GENERATOR 

Triangular/rectangular wave generator, waveform generator design, phase shift oscillator, 

oscillator amplitude stabilization, Wein bridge oscillator, signal generators, output 

controllers 

 

************************************************************************ 

 

Triangular/rectangular wave generator 

 

A triangular wave generator is obtained by combining integrator and Schmitt trigger 

circuit, as shown in figure 

 

 
 

When the Schmitt trigger circuit is biased with ± Vcc, it produces a square wave, this  is 

given as an input to an integrator circuit and it produces a triangular output. 

 

From time t1 to t2 

• During this time interval, the integrator output is at the UTP and the Schmitt 

trigger output is +Vo(sat), this causes the current I1 to flow through R1 and C1. I1 

charges C1 positive on the left and negative on the right, thus producing a 

negative going ramp output. 

From time t2 to t3 

• At t2, the ramp voltage arrives at LTP. The Schmitt trigger output immediately 

switches from +Vo(sat) to –Vo(sat), and reverses the direction of I1. C1 is now 
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discharged and recharged with the opposite polarity, generating a positive-going 

ramp voltage till t3  

 

This operation continues in a cyclic manner, this is a free-running signal generator 

producing triangular and square output waveforms. 

 

Frequency and duty cycle adjustment (saw tooth generator) 

 

Sometimes it may be necessary to vary the frequency and duty cycle of the triangular 

wave, this can be achieved by using variable resistors at the input of the circuit, as shown 

in figure 

 

In this circuit two variable resistors 

R4 and R5  are used , the resistor 

R4 is connected in series with the 

integrator input to provide 

frequency adjustment.  

 

Increasing the resistance reduces 

the level of capacitor charging 

current, thus capacitor charging 

time increases, and frequency 

reduces. 

 

Decreasing the resistance values, 

increases the capacitor charging 

current, thus capacitor charging 

time reduces and frequency 

increases. 
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The current I1 flow through R5a (the top portion of pot R5) and that I2 flows through 

R5b (the top portion of pot R5), with the moving contact at the center of R5, and R6 

equal to R7, I1is equal to I2. consequently, in the above figure the time intervals from t1 

to t2 will be equal to t2 to t3. 

 

The duty cycle is the ratio of the pulse width to the time period T. 

 

In this circuit, the duty cycle is varied by varying the current I1. 

 

When the moving contact adjusted to make R5a smaller than R5b, I1 will be larger than 

I2 and c1 will rapidly charge during the time interval t1 to t2 than during t2 to t3. the 

negative going ramp will be much steeper than the positive going ramp as shown in 

figure. 

 

When the moving contact is adjusted to make R5a larger than R5b, I1 will be smaller 

than I2, and c1 will slowly charge during the time interval t1 to t2 than during t2 to t3. 

 

The changes in the current also produces, a sawtooth output waveform from the 

integrator. 

 

Waveform Generator Design 

 

The performance specifications should be known in prior to design a waveform generator, 

this includes, the output frequency and duty cycle ranges. From these specifications other 

details like maximum and minimum pulse widths can be determined. 

 

The non-inverting Schmitt trigger design is commenced with the derivation of UTP and 

LTP values from the output peak voltage. 

 

For the integrated circuit, the capacitor can be designed by selecting the capacitor  

charging current to be much larger than the op-amp input bias current. Then use 

           

 
 

, where  I1 = I1, min ,  

  Δt = PW(max) at the lowest frequency,          

  Δv = UTP – LTP.  

 

When the BIFET op-amp is used, select C1 to be much larger than the expected stray 

capacitance. Then calculate I1min from C1 equation 

 

For the minimum I1, R4 should be at maximum and that all of R5 is in series with R6, 

therefore  
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The output frequency is at its highest when R4 is adjusted to zero. Also, the ratio of 

charging currents for maximum pulse width at the low frequency f1 and maximum pulse 

width at the high frequency f2 is  

 

 
 

 

The ratio of R5 and R6 depends on the maximum and minimum pulse widths at any 

given frequency.  

For maximum pulse width, all of R5 must be in series with R6.  

Minimum pulse width occurs when no part of R5 is in series with R6. Therefore  

 
It is important to note that PW(max) and PW (min) must be calculated at the same 

frequency.  

 

The op-amp slew-rates are determined from the usual considerations of output waveform 

distortion. 

 

The diode reverse recovery times must be much smaller than the minimum pulse width at 

the highest frequency. 
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Phase Shift Oscillator 

 

The phase shift oscillator is formed by using an inverting amplifier and RC phase shift 

network, as shown in figure 

 

For sustained oscillations, the 

Barkhausen criteria must be 

fulfilled 

• The loop gain around the 

circuit must be >= 1 

• The phase shift must be 

zero  

 

The RC phase shift network is 

formed by three resistors and 

three capacitors. Resistor R1 

functions as the last resistor in 

the phase shift network and as the amplifier input resistor. 

 

The amplifier produces a phase shift of  -180º and the phase shift network produces a 

phase shift of +180º. 

 

The frequency of the oscillator output depends on the capacitor and resistor values 

employed in the phase shift network. 

 

If three equal – value resistors  and three equal-value capacitors are used, the RC network 

produces 180º phase shift when  

 

 

 

 

 

 

 

 

In addition to providing network phase shift, the RC network attenuates the amplifier 

output by the factor of 29. This means, that the amplifier must have a voltage gain of 29 

for the loop gain to equal 1. 

 

If the voltage gain is less than 29, the circuit will not oscillate. When the gain is 

substantially greater than 29, the oscillator output will be distorted 

 

A gain just slightly higher than 29 gives a undistorted sinusoidal signal. 
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Oscillator amplitude stabilization 

 

The output amplitude of the oscillator is the maximum output voltage that the amplifier 

can produce (Output swing).  

 

The output of the oscillator is slightly distorted due the saturation limitations. To 

minimize distortion and reduce the output voltage to an acceptable level, amplitude 

circuitry must be employed. 

 

Amplitude stabilization process ensures that oscillations are not sustained when the 

output is exceeding predetermined level. 

 

Phase shift oscillator with amplitude stabilization  

The amplitude stabilization is achieved by controlling the gain of the amplifier. For the 

phase shift oscillator it is achieved by modifying the resistors in the feedback path. As the 

resistance in the feedback varies the gain also varies.  

 

 

 

 

As shown in the above figure, the resistor R2 is 

split into and R3 and R4 and R3 is bypassed by 

series – parallel connected diodes .  

 

 

When the output amplitude is low 

• None of the diodes is forward biased 

and they have no effect on the circuit 

• The amplifier voltage gain is Av = -R2 

/R1 

 

When the output amplitude is large enough  

• Forward biases either D1 and D2 or D3 

and D4, resistor R3 is short circuited 

• The amplifier voltage gain is Av = -R4 

/ R1 

o this gain is too small to sustain oscillations. So the circuit cannot oscillate 

with a high amplitude output, however it can oscillate with a low 

amplitude output 

 

distortion minimization 

 

some distortion can still occur in the output 

waveform if Av >> 29, if Av = 29, the 

circuit will not oscillate, this problem is 
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solved by making a portion of R4 adjustable as shown in figure. 

 

Design  

 

the amplifier is first designed in the usual manner with the current I2 large enough to 

forward bias the diodes. 

 

The design equations for other components are  

 
 

 

For diode  

 
With distortion minimization 

• R5 = 40 % of R4 

• R6 = 80% of R4 

 

 

Wein Bridge Oscillator 

 

A wein bridge is an ac bridge 

in which balance is obtained 

only when the supply voltage 

has a particular frequency. 

 

The wein bridge is 

constructed by using reactive 

and capacitive components 

 

The output of the wein bridge 

is applied to the opamp input 

terminals, and the op-amp 

output produces the ac supply 

to the bridge. 
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The op-amp together with resistors R3 and R4 is a non-inverting terminal, and the other 

components area a feedback network. 

 

At balance frequency of the wein bridge, the feedback voltage is in phase with the 

amplifier output. This voltage is amplified to reproduce the output 

 

At all other frequencies, the bridge is not balanced, the feedback voltage and output 

voltages are out of phase. 

 

The barkhausen criteria is satified by the amplifier and feedback nerwork both having 

zero phase shift at the oscillation frequency. 

 

Analysis  : To obtain balance  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Design 

• Determine the non-inverting 

components in the usual way 

• R1 = R2 = R4 

• Capacitor values are determined 

using equations 

• BIFET 

o C1 = C2 >> Cs 

o R is calculated using 

equations 
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Amplitude stabilization for the wein bridge oscillator 

 

There are two methods to stabilize the amplitude of the 

wein bridge oscillator 

1. Diode stabilization 

2. FET stabilization  

 

Diode stabilization 

As discussed earlier diodes are used to short the resistor 

R5  in both the half cycles. When the output voltage 

amplitude is exceeds the desired level, and the amplifier 

gain is not large enough to sustain oscillations. 

 

 

 

FET stabilization 

 

 

This circuit limits the output 

amplitude by controlling the 

voltage gain  

 

The channel resistance of 

(rDS) of the p-channel FET 

(Q1) is in parallel with 

resistor R4. Capacitor C3 is 

used to block the effect of 

amplifier dc conditions. 

 

The voltage gain is  

 

 

 

The FET gate-source bias voltage is derived from the amplifier ac output. The output 

voltage is divided across resistors R5 and R6 and rectified by diode D1. Capacitor C4 

smoothes the rectified waveform to give the FET dc bias voltage (VGS).  

 

When the output is low, VGS is low , and this keeps the FET rDS low. 

 

When the output is large, Vgs is increased, causing rDS to increase. The increase in rDS 

reduces ACL, thus preventing the circuit from oscillating with a high output voltage. 
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Design 

• Knowledge of possible suitable FETs is required 

• The channel resistance at various gate source voltages must be known 

• C4 is calculated to allow perhaps a 10 % discharge during the time period of the 

oscillation frequency. 

• C3 should have an impedance much smaller than rDS at the oscillation frequency. 

 

 

Signal Generator output controls 

 

 

Signal generators should have a control to adjust the 

output amplitude and to vary the DC voltage level of 

the output.  

 

To vary the output amplitude  

• An inverting amplifier with an adjustable 

resistor is shown in figure 

• When R2 = R1, no change in the output 

amplitude, except for the phase inversion 

• When R2 > R1, the signal is amplified 

• When R2 <  R1, attenuation occurs 

 

To adjust dc output voltage 

• As shown in figure, the voltage divider set up 

at the non-inverting terminal varies the dc 

output voltage level. 

 

 

The capacitor is used to block the dc signal from input 

 

Design 

• Inverting amplifier is designed in the usual way 

• For sinusoidal signals C1< R1 at lowest operating frequency 

• For other signals , maximum acceptable tilt should be used to find C1 

• The potential divider is designed to have 0V at the center of R4 and the desired 

output voltage extremes at each end of R4 

• Op-amp should have frequency range higher than the highest frequency of any 

sinusoidal signal 

• The slew rate of the op-amp should be such that the output rise time does not 

exceed 10% of the shortest pulse width. 
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Important questions 

 

 

 

 
 

 

 

 

 
 

  


