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Abstract 

Due to broader band width of the visible region of the electromagnetic spectrum there is increasing demand of 

optical communication. Although the basic components oscillator, receiver and transmitter  required for optical 

communication are easily available, the problem is with optical modulatyors and de modulators. In this paper a 

review of basic techniques available for modulation of optical signals has been presented. Emphasis is put on 

electro optic and magneto optic effects for optical modulation.   

1. Interoduction 

Ever since the invention of laser[1] efforts to exploit its potentially enormous information carrying capacity for 

use in communication are at the vanguard of experimental as well as theoretical investigations. The basic 

components for long distance communication are[2]: 

1. An oscillator: to generate a high frequency carrier wave. 

2. Modulator: to put information on the carrier. 

3. Transmitter: to convey the modulated wave (information+carrier) to the destination. 

4. Detector: to receive the modulated wave. 

5. Demodulator: to separate information from the modulated wave. 

With the amelioration in technology, during the past few decades considerable progress has been made in the 

development of several components required for optical communication. For optical oscillator the most promising 

candidate is laser due to its unique properties[3] of monochromaticity, directionality and coherence. In some cases 

simply atmosphere plays the role of transmission medium but for the reliability of communication system, optical 

beams are transmitted through underground optical fibers. The detector in most of the optical communication 

systems is a photodiode that converts optical signal to an electrical signal. The main problem with optical 

communication is related to modulation and demodulation of optical signals due to their high frequency. 

        Here we will discuss three most important techniques for optical modulation of laser beams for optical 

communication. These techniques were given by Bell laboratories. 

2. Optical Modulation 

The term modulation means the controlled variation of some physical parameter related to a wave [4]. In case of 

light wave there are mainly five parameters that can be modulated. These are: 

1) Amplitude 

2) Frequency 

3) Phase 

4) State of polarization 

5) Direction  of propagation 
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Out of these five parameters modulation of direction of propagation is not currently being used in optical 

communication. Also, modulation of state of polarization is not used as a direct technique for optical modulation. 

However, it is an important intermediate step for modulation of other physical parameters of light waves. Hence, 

we are left with three parameters (frequency, phase, amplitude) those are equivalent to two well known modulation 

methods in radio wave and micro wave communication. Out of these amplitude modulation (AM) is the most 

important one in case of optical communication. 

2.1 Amplitude Modulation 

In amplitude modulation the amplitude of the carrier wave is varied in a controlled manner in proportion to the 

modulating signal. AM is generally of two types: 

1. In first category of AM there is small variation of the amplitude of carrier wave. This technique is used 

mainly for analogue signals. 

2. The second category of AM is called pulse code modulation (PCM). In this technique the carrier wave 

is abruptly turned on and off. This kind of modulation is used for digital information. 

2.2 Requirements for Optical Modulation 

The major attraction of researchers towards optical signals for communication purpose is the availability of larger 

range of frequencies or a larger bandwidth for carrier waves in comparison to radio waves and microwaves 

combinely. This means at least theoretically a large amount of information can be transmitted through the visible 

region of the electromagnetic spectrum. Thus, researchers are mainly concerned with systems that have a large 

bandwidth and hence a large capacity for information transmission.  

        The modulators used in large bandwidth communication systems must be capable to respond to the 

modulating signal of frequencies ranging from 100MHz to 1000MHz. This will allow simultaneous transmission 

of hundreds of channels. Thus the physical effect on which the modulator is based must be fast enough to respond 

to such high frequencies. However, thermal effects and most of the mechanical methods for modulation of optical 

signals are quite slow. In comparison to these methods the electro and magneto optic effects are sufficiently fast 

to be used for optical modulation. 

3. Electro-Optic Effects 

The physical phenomenon that has received most of the attention for optical modulation is electro-optic effect. In 

this effect application of electric filed across a solid or liquid material causes a change in its index of refraction[5]. 

If, the change in index of refraction is negative then the speed of light through the medium increases and if the 

change in index of refraction is positive then speed of light through the medium decreases. Also, under the 

influence of Kerr effect the medium start behaving as a birefringent medium i.e., light beams polarized in different 

directions travel through it at different velocities. 

        Since changing the light velocity affects the phase of the wave, the optical modulation based on electro-optic 

effects modulates the phase of optical beam. However, this phase modulated optical beam can be further converted 

to amplitude modulated beam. 

3.1 Types of Electro-Optic Effects 

Electro optic effects are of two types: 

1. Kerr effect [6]: In Kerr effect the change in index of refraction varies quadratically with the applied 

electric field. This effect can occur in any crystal. 
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2. Pockel Effect [7]: In Pockel effect the change in index of refraction varies linearly with the applied 

electric field. The Pockels effect can occurs only in non centro symmetric crystals i.e., the crystals that 

do not possess any centre os symmetry.  

4. Optical Modulation by Kerr Effect 

The basis layout of optical modulator based on Kerr effect is shown in fig. below: 

 

Fig: Optical modulator based on Kerr effect 

The orientation of the polarizer causes the resulting linearly polarized light to be equally divided between the two 

principal directions of the electro-optic medium. The electro-optic effect causes these two components to travel 

at different velocities and therefore to get out of phase with each other. After traversing the medium they no longer 

combine to give a linearly polarized light wave as they did on entering the medium. Instead their sum is an 

elliptically polarized light beam, that is, the tip of the optical electric- field vector traces out an ellipse in space 

once every cycle of the light wave. In this way two phase-modulated light components can be made to form a 

polarization-modulated light wave. 

        This wave can in turn be easily converted to an amplitude-modulated wave by passing it through another 

polarizer. The transmission axis of the second polarizer is placed at an angle of 90 degrees with respect to the axis 

of the first polarizer. Only the projection of the optical electric-field vector on the polarization axis is transmitted 

through the second polarizer. If the proper amount of voltage is applied to the crystal, the output polarization can 

be made to be linear in a direction at 90 degrees to the input polarization. In this case complete transmission of 

the light through the output polarizer occurs.  With no voltage applied, no light emerges. By alternating the voltage 

between these two values one can pulse-code-modulate the laser beam. 

5. Optical Modulation by Pockel Effect 

For optical modulation with the help of pockel effect there are two techniques those are currently being used: 

1. Pockel effect in dielectric crystals. 

2. Pockel effect in semiconductors. 

5.1 Optical Modulation in Dielectric Crystals 

The basic layout for optical modulation by Pockel effect in dielectric crystals is shown belo: 
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Fig: Optical modulation by Pockel effect. 

 

It consists of a lithium tantalate crystal which is naturally birefringent i.e., even in the absence of biasing voltage 

light beams with different states of polarizations travel with different velocities through it. Hence during their 

journey through the crystal they get out of phase and upon emerging through the crystal they produce a state of 

elliptic polarization. To prevent this another birefringent crystal in the form of a wedge is inserted in the path of 

the beam and adjusted so that in the absence of an electric field the beam is in the same state of linear polarization 

when it emerges as when it entered. 

        The birefringence of lithium tantalate creates another problem. When the temperature changes, the 

birefringence also changes and causes the output polarization to do so. This can be cured only by precise 

temperature control of the crystal. It has been found that the temperature must be held constant to within .04 

degree centigrade. The metal blocks that apply the voltage to the crystal help to hold its temperature constant. 

They also perform a third function by reducing the amplitude of mechanical vibrations that the application of the 

voltage creates in the crystal by means of the piezoelectric effect. 

        The lithium tantalate crystal is long (one centimeter) and thin (quarter of a millimeter), since the change in 

phase brought about by the Pockels effect is proportional to the distance traversed by the light as well as to the 

electric field, the field being larger when the thickness over which the voltage is applied is reduced. Because of 

the small thickness of the crystal a lens is used to focus the parallel laser beam into the crystal and to re-form a 

parallel beam again after it emerges. The component of polarization at right angles to the input polarization is 

deflected by a birefringent element called a Rochon prism to form the output beam. Lithium tantalate can be used 

in both conventional AM mode and PCM mode: 

        In the AM mode it can produce 80 percent modulation of the intensity of a red HeNe laser beam over a 

bandwidth of 220 MHz, using only 200 mV of power from a transistor amplifier. At present the effectiveness of 

the modulator is limited by the capabilities of this amplifier rather than by any characteristics of the modulator 

crystal. With an improved amplifier the bandwidth could be expanded to 1,000 MHz.  

        The PCM mode of operation may prove to be the most practical for light modulators. It has the advantage 

that the amount of modulation need not be strictly proportional to the modulating electrical signal, as must be the 

case for conventional AM. Since information is conveyed in PCM by the presence or absence of a light pulse, 

such transmission is less affected by the presence of optical "noise" received with the signal. The third advantage 
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is that PCM makes it easier to transmit Simultaneously unrelated information, such as several television, telephone 

or data channels, over the same light beam. This mechanism of simultaneous transmission of diverse information 

on the same beam is called multiplexing. 

        The lithium tantalate modulator has been used for PCM by applying to the crystal a train of voltage pulses, 

each of which is capable of producing an output polarization at 900 to the input polarization. This polarization is 

deflected by a polarizing prism to form a train of output pulses. Thus the crystal acts as a gate with "on" and "off" 

positions. Although the device could modulate a continuous laser beam, it is more convenient for it to modulate 

a laser beam that consists of a regular train of pulses that are synchronized with the modulator and are narrow 

compared with their spacing in time. The modulator acts as a gate for these pulses by allowing some to pass and 

not others. 

        Additional information can be "time multiplexed" into the pulse train by first splitting the laser beam into 

two pulse trains and then modulating each separately. One of the beams is delayed with respect to the other and 

then the pulse trains are combined into one beam again. The narrower the pulses are compared with their original 

separation, the greater the number of separate beams that can be made, modulated, delayed and recombined, 

allowing greater information transmission. The de multiplexing process is just the reverse of this process. 

5.2 Optical Modulation in Semiconductor Crystals 

PN junction consisting of gallium phosphide which is a semi conducting material that possess Pockel effect can 

be used for optical modulation[8]. A PN junction is an electric potential barrier to the flow of current and is the 

heart of semiconductor diodes and transistors. This potential barrier must necessarily contain an electric field, 

even when no voltage is applied to the junction. If voltage is  applied in what is called the reverse direction, no 

current flows but the electric field within the junction is increased. It can reach values close to a 106 𝑉 𝑐𝑚−1, 

which is a very strong field compared with what can be placed across large crystals. This strong electric field in 

turn leads to a large Pockels effect. 

        Along with this gain, however, comes a new problem. The PN unction region that possesses this huge field 

is less than 10-4 cm wide. This means that the laser beam that is to be modulated must be very carefully focused 

on the junction for it to pass along this thin, sheetlike region. Worse yet, because of the diffraction of light, the 

inherent tendency of light to spread out-one would expect it to be impossible to hold the light in the high-electric 

field region where the Pockels effect occurs. Here, however, nature helps out and, for reasons that are not yet well 

understood, produces a "light pipe" effect that holds the light in the high-field region. A conventional light pipe, 

such as a plastic rod, prevents light within it from escaping through the sides by total internal reflection. In the p-

n junction the "light pipe" has sides that are two parallel planes rather than the cylindrical surface of a rod. Such 

a structure is called a planar dielectric wave guide.  

        Although the p-n-junction modulator has not yet been developed to the extent that the lithium tantalate 

modulator has, it has been studied enough for its capabilities and limitations to be known. The limitation on its 

modulation ability arises from the fact that power is dissipated within the diode crystal. This dissipation in turn 

arises from the charging and discharging of the junction's capacitance through the resistance of the bulk crystal. 

The power-dissipation limit places a limit on the product of the bandwidth of modulation times the voltage that is 

applied to the crystal, which determines the amount of the modulation. In addition, the junction's capacitance 

and the crystal's resistance also detenl1ine a practical upper limit to the modulation frequency, which is called 

the cut off frequency. 

        Although the gallium phosphide diode modulator can modulate light of wavelengths ranging from the green 

to the infrared, its efficiency for modulating the longer wavelengths is lower. It will modulate green laser light 

more effectively than the red laser light described above, and it will modulate infrared light more poorly. This 

points up the fact that eventually many light modulators will be needed; no one modulator can be optimal over 

the entire range of wavelengths. For instance, the magnetooptic modulator described below is better in the near 

infrared than either the gallium phosphide diode or the lithium tantalate modulators. 
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6. Optical Modulation by Magneto Optic Effects  

This technique of optical modulation is based on Faraday rotation. The Faraday effect is the rotation of the plane 

of polarization of a light wave as it travels through a substance in a direction parallel to an applied magnetic field. 

It can occur in a variety of gases, liquids and solids. 

        

 
Fig: Faradya Rotation. 

 
The rotation of the plane of polarization of light is a phenomenon quite different from the conversion from 

linear to elliptical polarization by electro optic effects as mentioned in previous sections. In a medium exhibiting 

Faraday rotation the states of polarization that are preserved on passage through the medium are the right-

handed and left handed components of circularly polarized light, not linearly polarized light as in the case of the 

birefringent medium discussed above. When a linearly polarized light wave is introduced into a medium 

exhibiting Faraday rotation, it divides into a combination of right and left circularly polarized waves of equal 

amplitude as shown below. 

 

 

Fig: Splitting of linearly polarized light into LCP and RCP components. 

These two states of circular polarization travel at different velocities in the magnetized medium. The resulting 

change of phase between them causes their sum to produce a state of linear polarization but with its plane of 

polarization rotated with respect to its initial orientation. The amount of rotation is proportional to the component 

of magnetization along the direction of propagation. This component can be varied by changing the applied 

magnetic field. The resulting variation of the plane of polarization can be converted to amplitude modulation by 

passing the beam through a polarizer.  

        An efficient magneto-optic modulator requires a material that gives the largest Faraday rotation per unit of 

optical loss from absorption. This ratio is large only for ferromagnetic materials. Until recently the best material 

on this basis was the crystal chromium tribromide. From a practical viewpoint this crystal nonetheless had a crucial 

defect: it had to be cooled to within a few degrees of absolute zero in order to have the needed magnetic properties. 
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        Recently a region of exceedingly high transparency in the near infrared has been found in the magnetic crystal 

yttrium- iron-garnet (YIG). Because of the low optical loss in this region, the ratio of Faraday rotation to optical 

loss is at least 30 times higher than it is for chromium tribromide. Furthermore, YIG can be used at room 

temperature. Its use in a high-frequency modulator is further aided by its having the lowest internal heating arising 

from rapidly varying magnetic fields of any known ferromagnetic material. The region of transparency of YIG 

lies between the wavelengths of 12,000 and 45,000 Å in the near infrared. It is useful as a modulator throughout 

this region but will operate most efficiently at the short wavelength end of the region. YIG is a synthetic insulating 

crystal that has ferromagnetic properties. It has the same crystal structure as the many types of gem-quality garnets 

found in nature. 

        The magneto-optic modulator based on YIG has been used to modulate a helium-neon gas laser whose 

output beam has a wavelength of 15,200 Å. This wavelength was chosen for study because it falls near the short 

wavelength end of the high-transparency region and also because it is a wavelength to which high-speed 

germanium photo diode detectors are sensitive. After passing through a polarizer the beam encounters an iris 

diaphragm, which is used to define the beam diameter in its passage through the one cm long rod-shaped YIG 

crystal as shown below. 

 

 

FIG: Optical modulation by Faraday rotator. 

 

A constant magnetic field is applied across the axis of the rod. This field is sufficient to saturate the magnetization 

of the YIG crystal. This means that all the magnetization vectors of different "domains" in the crystal are forced 

to align themselves along the constant magnetic field. Current flowing through the coil that surrounds the YIG 

crystal creates an additional magnetic field parallel to the axis of the rod. This added magnetic field causes the 

magnetization vector to tilt toward the axis. The resultant component of the magnetization along the axis of the 

rod is responsible for the Faraday rotation. Hence varying the magnetic field produced by the coil around the YIG 

rod varies the magnetization direction and so varies the Faraday rotation. A second polarizer placed at the output 

end of the YIG rod converts the polarization modulation to amplitude modulation. Although this polarizer could 

be placed at many orientations, maximum linear modulation is obtained if it is at 450 to the axis of the first 

polarizer. 

        The overall efficiency of the magneto optic modulator is improved further by two alterations. First, the YIG 

rod is cut from a YIG crystal in a certain orientation with respect to the crystal axes. By so doing the magnetization 

vector finds it easiest to be tilted toward the rod axis, as is desired, and resists any tendency to be tilted in a plane 

perpendicular to the rod axis. Second, it has been found that incorporating a certain amount of gallium in the YIG 

crystal during growth greatly reduces the saturation magnetization, to which the power expended in the modulator 

is proportional, without significantly reducing the ability of the crystal to produce Faraday rotation. 
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