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8.5 SCHMITT TRIGGER 
Vcc 

The use of 555 timer as a Schmitt 

R Trigger is shown in Fig. 8.24. Here the 
two internal comparators are tied 
together and externally biased at Vco/2 
through R, and R. Since the upper 
comparator will trip at (2/3) Voc and 0A Vc/2 

lower comparator at (1/3) Vcc the bias 

provided by R, and R, is centered within 

these two thresholds. 

100 k2| 8 43 Output 
6 

555 

Input 
2 

5 Ra 
0.01 uF 100 ka Thus, a sine wave of sufficient 

amplitude (> Vood6 = 2/3 Vcc- Vc/2) to 

exceed the reference levels causes the 

Fig. 8.24 Timer in Schmitt Trigger Operation internal flip-flop to alternately set and 
reset, providing a square wave output 

as shown in Fig. 8.25. 

(2/3)VccVec/2 AA 

VcC -

Vcd3 

Fig. 8.25 Input output waveforms of Schmitt Trigger

It may be noted that unlike conventional multivibrator, no frequency division is taking place 
and frequeney of square wave remains the same as that of input signal. 



334 Linear Integrated Circuits 

9.4 VOLTAGE CONTROLLED OSCILLATOR (VCO) 

A common type of VCO available in IC form is Signetics NE/SE566. The pin configuration 

and basic block diagram of 566 VCO are shown in Fig. 9.7 (a, b). Referring to Fig. 9.7 b 
a timing capacitor Cr is linearly charged or discharged by a constant current source/sink. 

The amount of current can be controlled by changing the voltage v, applied at the modulating 

input (pin 5) or by changing the timing resistor Rr external to IC chip. The voltage at pin 
6 is held at the same voltage as pin 5. Thus, if the modulating voltage at pin 5 is increased 

the voltage at pin 6 also increases, resulting in less voltage across R and thereby decreasinp 

the charging current. 
+Vcc 

RT 

LConstant 
Current 
SOurce/ 

50- 
Ground 8 Vcc sink 

Modulating 
Input, V Buffer Schmitt 

NC 2 trigger NE/SE 566 
VCO Sq. wave 3 

Output 
R 

5 Modulation 

Input 
Triangular 4 R Inverter 

wave 

output 

(a) (b) 

Fig. 9.7 Voltage controlled oscilator (a) Pin configuration (b) Block diagram 

A small capacitor of .001 F should be connected between pin 5 and 6 to eliminate possible 
oscillations. A VCO is commonly used in converting low frequency signals such as EEGs,| 
EKG into an audio frequency range. These audio signals can be transmitted over telephone
lines or a two way radio communication systems for diagnostic purposes or can be recorded 
on a magnetie tape for further reference. 

The voltage across the capacitor Cr is applied to the inverting input terminal of Schmitt| 
trigger A via buffer amplifier A. The output voltage swing of the Schmitt trigger is designed 
to Voc and 0.5 Vc. If R, = R, in the positive feedback loop, the voltage at the non-inverting 

input terminal of Aq Swings from 0.5 Vcc to 0.25 Vcc. In Fig. 9.7 (c), when the voltage on 
the capacitor C exceeds 0.5 Vcc during charging, the output of the Schmitt trigger goes 

LOW (0.5 Vec). The capacitor now discharges and when it is at 0.25 Vcc. the output of 
Schmitt trigger goes HIGH (Vcc). Since the source and sink currents are equal, capacitor

charges and discharges for the same amount of time. This gives a triangular voltage waveform 
across Cr which is also available at pin 4. The square wave output of the Schmitt trigger 
is inverted* by inverter As and is available at pin 3. The inverter Ag is basically a current 
amplifier used to drive the load. The output waveforms are shown in Fig. 9.7 (©). 

The output frequency of the cO can be calculated as follows: 



0.5 Vcc 
o+Vcc 

Output 
at pin 4 R 

0.25 Vcc 
R 8 VcC 

Schmitt 
trigger 
output L 

Modulating91
input, V 001uF 

566 5 o 0.5Vcc 

R N 
1 CC 

Output 
at pin 3 
inverted 

by 
C 

0.5Vcc 
(d) (c) 

Fig. 9.7 (c) Output waveform (d) Typical connection diagram 

The total voltage on the capacitor changes from 0.25 Vec to 0.5 Vec- Thus Av = 0.26 Vcc 

The capacitor chargers with a constant current source. 

AU 
So 

At 

0.25 Vcc 
Cr At 

(9.8) 0.25 VecC 
At = 

The time period T of the triangular waveform = 2At. The frequency of oscillator f, is, 

0.5 VecC 

(9.9) 
But, R 

where, v, is the voltage at pin 5. Therefore, 

2XVcc-) 
foCR,Vcc 

(9.10) 

The output frequency of the VCO can be changed either by i) Rr, (i) Cp or (ii) the voltage 

at the modulating input terminal pin 5. The voltage v, can be varied by connecting a R,R2 
ircuit as shown in Fig. 9.7 (d). The components Rr and Cs are first selected so that VC0 

Dutput frequency lies in the centre of the operating frequency range. Now the modulating 
aput voltage is usually varied from 0.7b Vcc to Vcc which can produce a frequency variation 

of about 10 to 1. With no modulating input signal, if the voltage at pin 5 is biased at 

7/8) Vcc. Eq. (9.10) gives the VCO output frequency as, 

The expression of f, depends upon the initial choice of the voltage v. If the value of v, is taken as 0.85 Vec then 

1, comes out to be 0.3/t,Cp. 



2(Vcc-(718) Vec). 1 0.25 
(9.11) 

f = 

C R Vcc 4R C R CT 
Voltage to Frequency Conversion Factor 
A parameter of importance for VCO is voltage to frequency conversion tactor K, and is defined as 

Ao K, = 

AU 
Here Au, is the modulation voltage required to produce the frequency shift Af, for a VcO. 

t we assume that the original frequency is f, and the new frequency is f, then 

2(Vcc U, + Au,) 2(Vcc=U)
C RVcc 

2AU 
(9.12) Af h -f. = CRVec CRrVoc 

A, CRVcc Av = 
(9.13) Or, 

2 

Putting the value of CRT from Eq. (9.11) 

(9.14) 
Av = A. Vcc/8f. 

R. = 8, 
Au Vcc (9.15) 

LOW PASS FILTER 
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