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Spatial Light Modulators 

 



 

 



Charge Coupled Devices 

CCD was developed in the year 1969 by Willard Boyle and George E. Smith at AT & 

T Bell Labs. It is a shift register device which can be used for the movement of electrical 

charge within the device. This movement can be from one area of the device to another and 

the digital value of the moved charge can be easily found out. When the signals are moved, 

one at a time from one place to another within the device, the value of the charge can be 

easily manipulated. There are capacitive bins in the device that allow the movement of 

charge. 

Types of CCD 

There are different CCDs such as electron multiplying CCDs, intensified CCD, 

frame-transfer CCD and buried-channel CCD. A CCD can be simply defined as Charge 

Transfer Device. The inventors of the CCD, Smith and Boyle also discovered a CCD with 

greatly enriched performance than a general Surface Channel CCD and other CCDs; it is 

known as Buried channel CCD and is majorly used for practical applications. 

Charge Coupled Device’s Working Principle 

The silicon epitaxial layer acting as a photoactive region and a shift- register-

transmission region are used for capturing images using a CCD. Through the lens image is 

projected onto the photo active region consisting of capacitor array. Thus, the electric charge 

proportional to the light intensity of the image pixel colour in the colour spectrum at that 

location is accumulated at each capacitor. 

If the image gets detected by this capacitor array, then the electrical charge 

accumulated in each capacitor is transferred to its neighbour capacitor by performing as a 

shift register controlled by the control circuit. 

Working of Charge Coupled Device 



In the above figure, from a, b and c, the transfer of charge packets is shown according 

to the voltage applied to the gate terminals. At last, in the array electrical charge of last 

capacitor is transferred into the charge amplifier in which the electric charge is converted into 

a voltage. Thus, from the continuous operation of these tasks, entire charges of the capacitor 

array in the semiconductor are converted into a sequence of voltages. 

This sequence of voltages is sampled, digitized and then stored in memory in case of 

digital devices such as digital cameras. In case of analog devices such as analog video 

cameras, this sequence of voltages is fed to a low-pass filter to produce a continuous analog 

signal, and then the signal is processed for transmission, recording and for other purposes. To 

understand the charge coupled device principle and charge coupled device working in depth, 

primarily the following parameters need to be understood. 

Speckle interferometry: 

Speckle shearing interferometry, or stereography (Hung, 1982), is an interferometric 

optical measurement technique that utilises the laser speckle effect. It is derived from a 

similar technique, electronic speckle pattern interferometry (ESPI) (Sharp, 1989), which is 

related to holography 

 



The basic principle of speckle interferometry involves the comparison of speckle 

patterns recorded before and after a load or displacement is applied to the component under 

test. Correlation of the speckle patterns produces a fringe pattern, with the fringes 

representing a contour map of the measured. 

Pattern of speckle interferometry: 

A typical configuration of what is commonly called electronic speckle pattern 

interferometry (ESPI) (Butters and Leendertz, 1971) for out-of-plane displacement sensitivity 

is shown schematically in Figure (a). Here the object is illuminated at normal incidence, and 

is also viewed at normal angle by a charge-couple device (CCD) or similar video camera. The 

scattered object beam (leg “a” in Figure (a)) is mixed with a planar or speckled reference 

beam (leg “b”) at the camera image plane. 

 



Polarized light 
 

A light wave that is vibrating in more than one plane is referred to as unpolarized 

light. Polarized light waves are light waves in which the vibrations occur in a single plane. 

The process of transforming unpolarised light into polarized light is known as 

polarization. 

(i) Polarised light has electric fields oscillating in one direction, whereas unpolarised light has 

electric field oscillating in all directions. 

(ii) Polarised light is coherent in nature whereas unpolarised light is incoherent in nature. 

(ii) Intensity of polarised light depends on the nature of polarised used whereas intensity of 

unpolarised light depends on the nature of source. 

 

Jones matrices 

The optics of LCD is complicated by the fact that it is birefringent as well as 

electroactive (with a twist). The simplest approach of modeling LCD optics is to use the 2x2 

matrix. ( Jones matrix ). The LC cell is characterized by θ(z) and φ(z). Once these two 

functions are known, the optical properties of the LCD can be calculated. 



The 2x2 Jones matrix is just a simple shorthand way to represent the polarization state 

of light. Since LCD is based on polarization manipulation, the Jones matrix is very useful. 

The polarization state of light is described by a 2x1 vector (Jones vector). Any 

polarization state can be represented as a sum of two perpendicularly polarized waves with 

different amplitude and phase: 

E = (xa + yb ejδ)Eo e
jωt – jkz 

where 1 22 = + ba , and δ is the phase delay between the x and y components. 

 

 



 

 



Crystal Optics 

Crystal optics is the branch of optics that described the behaviour of electromagnetic 

wave in anisotropic media such as crystal in which light behaves different depending on the 

direction in which the light is propagating.  

 

 

 



Electro- Optics 

Electro- optics is the branch of science that deals with the effect of electric fields on 

light and on the optical properties of substances. 

It is not only concerned with the "Electro-Optic effect". Thus it concerns the 

interaction between the electromagnetic (optical) and the electrical (electronic) states of 

materials. 

Block diagram: 

 

 



Acousto – Optics 

An RF signal applied to a piezo-electric transducer, bonded to a suitable crystal, will 

generate an acoustic wave. This acts like a “phase grating”, traveling through the crystal at 

the acoustic velocity of the material and with an acoustic wavelength dependent on the 

frequency of the RF signal. Any incident laser beam will be diffracted by this grating, 

generally giving a number of diffracted beams. 

 
Interaction conditions  

A parameter called the “quality factor, Q”, determines the interaction regime. Q is 
given by: 

 

 

where is the wavelength of the laser beam, n is the refractive index of the crystal, L is the 

distance the laser beam travels through the acoustic wave and is the acoustic wavelength. 

 

Q<<1 :This is the Raman-Nath regime. The laser beam is incident roughly normal to the 

acoustic beam and there are several diffraction orders (...-2 -1 0 1 2 3...) with intensities given 

by Bessel functions. 

 

 



Q>>1 : This is the Bragg regime. At one particular incidence angle , only one diffraction 

order is produced - the others are annihilated by destructive interference. 

 

 

In the intermediate situation, an analytical treatment isn't possible and a numerical 
analysis would need to be performed by computer. 

Most acousto-optic devices operate in the Bragg regime, the common exception being 
acousto-optic mode lockers and Q-switches. 
 

Magneto Optics 

 

A magneto-optic effect is any one of a number of phenomena in which an 

electromagnetic wave propagates through a medium that has been altered by the presence of a 

quasistatic magnetic field. In such a medium, which is also called gyrotropic or 

gyromagnetic, left- and right-rotating elliptical polarizations can propagate at different 

speeds, leading to a number of important phenomena.  

When light is transmitted through a layer of magneto-optic material, the result is 

called the Faraday effect: the plane of polarization can be rotated, forming a Faraday rotator. 

The results of reflection from a magneto-optic material are known as the magneto-optic Kerr 

effect (not to be confused with the nonlinear Kerr effect). 

Magneto-optics is the use of magnetic fields to influence light propagation. This 

usually involves changing the physical properties of the medium through which the light is 

travelling. An example is the Faraday Effect in which the polarization of light is rotated by an 

angle proportional to the magnetic-field strength. 



 

 

Fig. Faraday Effect 

 

Fig. Kerr Effect 


