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Opto couplers/Opto Isolators and fibre optic IC

e Opto couplers or Opt isolators is a combination of light source & light detector in the
same package.

e They are used to couple signal from one point to other optically, by providing a
complete electric isolation between them. This kind of isolation is provided between a
low power control circuit & high power output circuit, to protect the control circuit.

Characteristics of opto coupler:
(i) Current Transfer Ratio:

It is defined as the ratio of output collector current (Ic) to the input forward current ()
CTR = Ic/If * 100%. Its value depends on the devices used as source & detector.

(ii) Isolation voltage between input & output:

It is the maximum voltage which can exist differentially between the input & output
without affecting the electrical isolation voltage is specified in K VVrms with a relative
humidity of 40 to 60%.

(iii) Response Time:

Response time indicates how fast an opto coupler can change its output state.
Response time largely depends on the detector transistor, input current & load resistance.

(iv) Common mode Rejection:

Even though the opto couplers are electrically isolated for dc & low frequency signals,
an impulsive input signal (the signal which changes suddenly) can give rise to a
displacement current Ic= Cf*dv/dt. This current can flow between input & output due to the
capacitance Cf existing between input & output. This allows the noise to appear in the
output. Depending on the type of light source & detector used we can get a variety of opto
couplers.

They are as follows,
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(i) LED — Photodiode opto coupler:

LED photodiode shown in figure, here the infrared LED acts as a light source &
photodiode is used as a detector.

The advantage of using the photodiode is its high linearity. When the pulse at the input
goes high, the LED turns ON. It emits light. This light is focused on the photodiode.

In response to this light the photocurrent will start flowing though the photodiode. As
soon as the input pulse reduces to zero, the LED turns OFF & the photocurrent
through the photodiode reduces to zero. Thus the pulse at the input is coupled to the
output side.

(it) LED — Phototransistor Opto coupler:

The LED phototransistor opto coupler shown in figure. An infrared LED acts as a light
source and the phototransistor acts as a photo detector.

This is the most popularly used opto coupler, because it does not need any additional
amplification.

When the pulse at the input goes high, the LED turns ON. The light emitted by the
LED is focused on the CB junction of the phototransistor.
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In response to this light photocurrent starts flowing which acts as a base current for the
phototransistor.

The collector current of phototransistor starts flowing. As soon as the input pulse
reduces to zero, the LED turns OFF & the collector current of phototransistor reduces
to zero. Thus the pulse at the input is optically coupled to the output side.

The input & output waveforms are 180° out of phase as the output is taken at the
collector of the phototransistor

Advantages of Opto coupler:

Control circuits are well protected due to electrical isolation.

Wideband signal transmission is possible.

Due to unidirectional signal transfer, noise from the output side does not get coupled
to the input side.

Interfacing with logic circuits is easily possible.

It is small size & light weight device.

Disadvantages:

Slow speed.
Possibility of signal coupling for high power signals.

Applications:

Opto couplers are used basically to isolate low power circuits from high power circuits.

At the same time the control signals are coupled from the control circuits to the high
power circuits.

Some of such applications are,

AC to DC converters used for DC motor speed control

High power choppers

High power inverters

One of the most important applications of an opto coupler is to couple the base driving
signals to a power transistor connected in a DC-DC chopper.
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Fibre Optic IC:

The opto couplers are available in the IC form MCT2E is the standard opto coupler IC
which is used popularly in many electronic application.

e This input is applied between pin 1& pin 2. An infrared light emitting diode is connected
between these pins.

e The infrared radiation from the LED gets focused on the internal phototransistor.

e The base of the phototransistor is generally left open. But sometimes a high value pull
down resistance is connected from the Base to ground to improve the sensitivity.

e The block diagram shows the opto-electronic-integrated circuit (OEIC) and the major
components of a fiber-optic communication facility.
The block diagram shows the opto-electronic-integrated circuit (OEIC) and the major
components of a fiber-optic communication facility.
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Basics of Oscillators: Criteria for oscillation:

The canonical form of a feedback system is shown in Figure, and Equation 1 describes
the performance of any feedback system (an amplifier with passive feedback Components
constitute a feedback system).

Oscillation results from an unstable state; 1.e., the feedback system can’t find a stable
state because its transfer function can’t be satisfied. Equation 1 becomes unstable when (1+Ap)
= 0 because A/0 is an undefined state. Thus, the key to designing an oscillator is to insure that
AP =-1 (called the Barkhausen criterion), or using complex math the equivalent expression is
AP =1 -180°. The 180° phase shift criterion applies to negative feedback systems, and 0°
phase shift applies to positive feedback systems.

The output voltage of a feedback system heads for infinite voltage when Ap = -1. When
the output voltage approaches either power rail, the active devices in the amplifiers change
gain, causing the value of A to change so the value of AB #1; thus, the charge to infinite voltage
slows down and eventually halts. At this point one of three things can occur.

First, nonlinearity in saturation or cutoff can cause the system to become stable and lock

up.Second, the initial charge can cause the system to saturate (or cut off) and stay that way for
a long time before it becomes linear and heads for the opposite power rail.
Third, the system stays linear and reverses direction, heading for the opposite power rail.
Alternative two produces highly distorted oscillations (usually quasi square waves), and the
resulting oscillators are called relaxation oscillators. Alternative three produces sine wave
oscillators.

Phase Shift in Oscillators:

The 180° phase shift in the equation Ap = 1-180° is introduced by active and passive
components. The phase shift contributed by active components is minimized because it varies
with temperature, has a wide initial tolerance, and is device dependent.

Amplifiers are selected such that they contribute little or no phase shift at the oscillation
frequency. A single pole RL or RC circuit contributes up to 90° phase shift per pole, and
because 180° is required for oscillation, at least two poles must be used in oscillator design.

An LC circuit has two poles; thus, it contributes up to 180° phase shift per pole pair, but
LC and LR oscillators are not considered here because low frequency inductors are expensive,
heavy, bulky, and non-ideal. LC oscillators are designed in high frequency applications beyond
the frequency range of voltage feedback op amps, where the inductor size, weight, and cost
are less significant.
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Multiple RC sections are used in low-frequency oscillator design in lieu of inductors.
Phase shift determines the oscillation frequency because the circuit oscillates at the frequency
that accumulates —180° phase shift. The rate of change of phase with frequency, dS/dt,
determines frequency stability.

When buffered RC sections (an op amp buffer provides high input and low output
Impedance) are cascaded, the phase shift multiplies by the number of sections, n (see Figure
2).Although two cascaded RC sections provide 180° phase shift, dS/dt at the oscillator
frequency is low, thus oscillators made with two cascaded RC sections have poor frequency
stability. Three equal cascaded RC filter sections have a higher dS/dt, and the resulting
oscillator has improved frequency stability.

Adding a fourth RC section produces an oscillator with an excellent dS/dt, thus this is
the most stable oscillator configuration. Four sections are the maximum number used

because op amps come in quad packages, and the four-section oscillator yields four sine waves
that are 45° phase shifted relative to each other, so this oscillator can be used to obtain
sine/cosine or quadrature sine waves.

Applications

Crystal or ceramic resonators make the most stable oscillators because resonators have
an extremely high dS/dt resulting from their non-linear properties. Resonators are used for
high- frequency oscillators, but low-frequency oscillators do not use resonators because of
size, weight, and cost restrictions.Op amps are not used with crystal or ceramic resonator
oscillators because op amps have low bandwidth. It is more cost-effective to build a high-
frequency crystal oscillator and count down the output to obtain a low frequency than it is to
use a low-frequency resonator.

Gain in Oscillators:

The oscillator gain must equal one (AB = 1-180°) at the oscillation frequency. The
circuit becomes stable when the gain exceeds one and oscillations cease. When the gain
exceeds one with a phase shift of —180°, the active device non-linearity reduces the gain to
one.
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The non-linearity happens when the amplifier swings close to either power rail because
cutoff or saturation reduces the active device (transistor) gain. The paradox is that worst-case
design practice requires nominal gains exceeding one for manufacturability, but excess gain
causes more distortion of the output sine wave.

When the gain is too low, oscillations cease under worst-case conditions, and when the
gain is too high, the output wave form looks more like a square wave than a sine
wave.Distortion is a direct result of excess gain overdriving the amplifier; thus, gain must be
carefully controlled in low distortion oscillators.Phase-shift oscillators have distortion, but
they achieve low-distortion output voltages because cascaded RC sections act as distortion
filters. Also, buffered phase-shift oscillators have low distortion because the gain is controlled
and distributed among the buffers.

Sine Wave Generators (Oscillators)
Sine wave oscillator circuits use phase shifting techniques that usually employ

e Two RC tuning networks, and
e Complex amplitude limiting circuitry

RC Phase Shift Oscillator

RC phase shift oscillator using op-amp in inverting amplifier introduces the phase shift
of 180° between input and output. The feedback network consists of 3 RC sections each
producing 60° phase shift. Such a RC phase shift oscillator using op-amp is shown in the figure.

The output of amplifier is given to feedback network. The output of feedback network
drives the amplifier. The total phase shift around a loop is 1800 of amplifier and 180 due to
3 RC sections, thus 360 °. This satisfies the required condition for positive feedback and circuit
works as an oscillator.
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The loop phase shift is —180° when the phase shift of each section is —60°, and this
occurs when o = 2xnf = 1.732/RC because the tangent 60° = 1.73. The magnitude of 3 at this
point is (1/2)%, so the gain, A, must be equal to 8 for the system gain to be equal to 1.

Wien Bridge Oscillator:

Figure give the Wien-bridge circuit configuration. The loop is broken at the positive
input, and the return signal is calculated in Equation 2 below.

When o = 2znf = 1/RC, the feedback is in phase (this is positive feedback), and the gain is 1/3,
so oscillation requires an amplifier with a gain of 3. When RF = 2RG, the amplifier gain is 3
and oscillation occurs at £ = 1/2aRC. The circuit oscillated at 1.65 kHz rather than 1.59 kHz
with the component values shown in Figure 3, but the distortion is noticeable.
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Figure 4 shows a Wien-bridge circuit with non-linear feedback. The lamp resistance,
RL, is nominally selected as half the feedback resistance, RF, at the lamp current established
by RF and RL. The non-linear relationship between the lamp current and resistance keeps
output voltage changes small.

If a voltage source is applied directly to the input of an ideal amplifier with feedback,
the input current will be:

Where vin is the input voltage, vout is the output voltage, and Zf is the feedback impedance. If
the voltage gain of the amplifier is defined as:

If Avis greater than 1, the input admittance is a negative resistance in parallel with an
inductance.

The inductance is:
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If a capacitor with the same value of C is placed in parallel with the input, the circuit has a
natural resonance at:

Substituting and solving for inductance yields:

If Av is chosen to be 3: Lin = R’C
Substituting this value yields:

Similarly, the input resistance at the frequency above is:

ForAv=3: Rin=—R

If a resistor is placed in parallel with the amplifier input, it will cancel some of the
negative resistance. If the net resistance is negative, amplitude will grow until clipping
occurs.Similarly, if the net resistance is positive, oscillation amplitude will decay. If a
resistance is added in parallel with exactly the value of R, the net resistance will be infinite
and the circuit can sustain stable oscillation at any amplitude allowed by the amplifier.

Increasing the gain makes the net resistance more negative, which increases amplitude.
If gain is reduced to exactly 3 when suitable amplitude is reached, stable, low distortion
oscillations will result. Amplitude stabilization circuits typically increase gain until suitable
output amplitude is reached. As long as R, C, and the amplifier are linear, distortion will be
minimal.
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