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PULSE & SQUARE WAVE GENERATOR:

The square wave generator and pulse generator are generally used as measuring
devices in combination with the oscilloscope. The basic difference between square
wave generator and pulse generator is in the duty cycle. The duty cycle is defined
as the ratio of average value of a pulse over one cycle to the peak value. It is also

defined as ratio of the pulse width to the period of one cycle.

Pulse width

Duty cvele = ———
Pulse period

Ampliude Peak
1 valug

0 TR T
Pariod Average value = 112 Peak value

The average value is half of peak value. Both the average value and peak value are
inversely proportional to time duration. The average value of a pulse is given as, 1

Average value = 1/2 Peak value
Duty cycle of square wave = 0.5

Thus square wave generator produces an output voltage with equal ON and OFF
perieds as duty cycle is 0.5 or 50% as the frequency of oscillation is varied. Then
we can state that irrespective of the frequency of operation, the positive and

negative half cycles extend over half of the total period.

The basic circuit for pulse generation is the asymmetrical multi-vibrator. A

laboratory type square wave and pulse generator is shown in Fig.

The frequency range of the instrument is covered in seven decade steps from 1 Hz

to 10 MHz, with a linearly calibrated dial for continuous adjustment on all ranges.
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o Amplitude

H A}
{ | Upper
g [ ma
Freq. (Hz) | '=Cufce
I
b .
5 ’ :? . Schmitt o“em[\er o Amplitude
Freq. { ! | Switching Pt Trigger| 50 o Y
t] Circuit —pueacd A Sl Step
conirol ; rlcu s ! L Oulput Fatienuater <
i Multiplier e ] Amplifier 50Q
1 Ramp : i Output
H o lBpacitor | Trigger
s <= T ’ Syne, @ |Polarity
Lower Circuit
Current Trigger
Source Syne. 1 *1 Output |——< Trigger
input | Circuit | Output

Block Diagram of a Pulse Generator

The. duty cycle can be varied from 25 - 75%. Two independent outputs are
available, a 50 Q source that supplies pulses with a rise and fa] time of Snsats Vv
peak amplitude and a 600 Q source which supplies pulses with a rise and fal] time
of 70 ns at 30 V peak amplitude. The instrument can be operated as a free-running
generator, or it can be synchronized with external signals.

Constant) 7, 3‘1::: £ >
Current —
Ll
3
e 1
:
3/\L
l—Period—
Basic Generating Loop
The upper current

source supplies a constant current to the capacitor and the capacitor
voltage increases linearly. When the positive slope of the ramp voltage reaches the
upper limit set by the internal circuit components, the Schmitt trigger changes
state. The trigger circuit output becomes negative and reverses the condition of the
current switch. The capacitor discharges linearly, controlled by the lower current
source. When the negative ramp reaches a predetermined lower level, the Schmitt
trigger switches back to its original state. The entire process is then repeated. The
ratio i/i; determines the duty cycle, and is controlled by symmetry control. Th=
sum of i, and i, determines the frequency. The size of the capacitor is szlected by

the multiplier switch.
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Function Generators:

A function generator is a signal source that has the capability of producing different
types of waveforms as its output signal. The most common output waveforms are
sine-waves, triangular waves, square waves, and sawtooth waves. The frequencies of
such waveforms may be adjusted from a fraction of a hertz to several hundred
kHz.

Actually, the function generators are very versatile instruments as they are
capable of producing a wide variety of waveforms and frequencies. In fact, each
of the waveforms they generate is particularly suitable for a different group of
applications. The uses of sinusoidal outputs and square-wave outputs have
already been described in the earlier Arts. The triangular-wave and sawtooth
wave outputs of function generators are commonly used for those applications
which need a signal that increases (or reduces) at a specific linear rate. They are
also used in driving sweep oscillators in oscilloscopes and the X-axis of X-Y
recorders.

Many function generators are also capable of generating two different
waveforms simultaneously (from different output terminals, of course). This can
be a useful feature when two generated signals are required for a particular
application. For instance, by providing a square wave for linearity measurements
in an audio-system, a simultaneous sawtooth output may be used to drive the
horizontal deflection amplifier of an oscilloscope, providing a visual display of the
measurement result. For another example, a triangular-wave and a sine-wave of
equal frequencies can be produced simultaneously. If the zero crossings of both
the waves are made to occur at the same time, a linearly varying waveform is
available which can be started at the point of zero phase of a sine-wave.

Function Generator Working & Block Diagram

COHISTANT
| cumrenr
FREQUENCY SUPPLY
“ONTROL SOURC EalY
a G
s .
LY [N}
; .
Y
T |racauescy ¢ \ —VELIAE p—
,450"},33: - BNTEGRAT Garreioie :\c APUFIER 0 1
: N VBRATON . ouTeuT
EXTERNAL
-—!:' FREQUENCY D AN
CONTRUL oulirdT
COHSTANT RESISTANCE
. CUARENT piope | ha OuTPUT
EQUENCY =1 SuPPLY e samG 9 MAELIFIER e
. CONTROL SOURCE. 2 CHCWE 2 cuTRaT

*
Y

Block thagram of Functian (ienrratar

Chid &: 19/1q



Another important feature of some function generators is their capability
of phase-locking to an external signal source. One function generator may be
used to phase lock a second function generator and the two output signals can
be displaced in phase by an adjustable amount. In addition, one function
generator-may be phase locked—to a harmonic of the sine-wave of another
function generator. By adjustment of the phase and the amplitude of the
harmonics, almost any waveform may be produced by the summation of the
fundamental frequency generated by one function generator and the harmonic
generated by the other function generator. The function generator can also be
phase locked to an accurate frequency standard, and all its output waveforms will
have the same frequency, stability, and accuracy as the standard.

The block diagram of a function generator is given in the figure. In this
instrument, the frequency is controlled by varying the magnitude of the current
that drives the integrator. This instrument provides different types of waveforms
(such as sinusoidal, triangular and square waves) as its output signal with a
frequency range of 0.01 Hz to 100 kHz.

The frequency controlled voltage regulates two current supply sources. Current
supply source 1 supplies a constant current to the integrator whose output
voltage rises linearly with time. An increase or decrease in the current increases or
reduces the slope of the output voltage and thus controls the frequency.

The voltage comparator multivibrator changes state at a predetermined
maximum level, of the integrator output voltage. This change cuts-off the current
supply from supply source 1 and switches to the supply source 2. The current
supply source 2 supplies a reverse current to the integrator so that its output
drops linearly with time. When the output attains a predetermined level, the
voltage comparator again changes state and switches on to the current supply
source. The output of the integrator is a triangular wave whose frequency
depends on the current supplied by the constant current supply sources. The
comparator output provides a square wave of the same frequency as output. The
resistance diode network changes the slope of the triangular wave as its
amplitude changes and produces a sinusoidal wave with less than 1% distortion.



