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ABSTRACT

Optical devices and instruments have reached to a new hight of quality, accuracy, and
precisions after the invention of lasers. It is because lasers possess numerous optical,
electrical, and other properties for example, they have high spatial-temporal coherence,
narrow spectral linewidth, high flux density, long lifetime, compact size, low energy
consumption, and high energy efficiency. Despite of having so many properties, lasers and
laser-based devices are encountered with a problem of occurrence of speckles. Speckles are
high contrast fine scale granular patterns of light intensity that are originated from mutual
interference of highly coherent scattered light. Speckles lead to inhomogeneous illumination
of objects. A compact and efficient system that can combine various fundamental techniques

for effective speckle reduction is desired.

In this thesis, we have developed a compact, low-cost, multi-color diode laser-based
illumination system for displays and laser projectors. Our innovative approach is based on
spatially structured and temporally varying beams. In this setup, we have generated structured
diverging beams using a diffractive optical element based electromechanical system that
produce spatial, angular, and temporal diversity. The beams were collected by a large
diameter plano-convex lens and focussed on the input of a vibrating multimode fiber bundle
based device. We found that with our system, the laser speckle contrast was reduced from

0.65 to 0.02 which is an order of magnitude speckle reduction.

The problem of laser speckles becomes more challenging when the objective is to
develop high-power laser systems as high lumen laser applications require. We address such
challenges by reporting a compact design and step-by-step development scheme of a laser
speckle reduction system. The scheme comprises a metallic ball-mirror connected with a

mechanically dynamic and thermally conductive heat sink system. Highly reflecting ball-
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mirror was coated with a transparent thick film of ZnO nanoparticle embedded epoxy
adhesive that provides volume scattering, and the layer was sandblasted to achieve surface
scattering as well. TracePro simulations demonstrate the efficiency enhancement in the
system due to an involvement of a pyramidal reflector. Speckle contrast reduction was
experimentally achieved by 0.0248 for red, 0.0298 for green, and 0.0213 for blue laser

diodes.

Optical systems are generally very sensitive to vibrations as most of the speckle
reduction techniques are based on mechanical motion of some optical components, but it
produces blurring effect in the imaging system due to vibrations. Solving this problem, we
have developed a mechanical vibration free method and device for speckle reduction by using
a cylindrical diffuser inside a reflective pyramidal cavity. The pyramidal cavity was
developed using a 3D printer and highly-reflecting metallic mirrors. The system is highly
effective for speckle suppression due to the coherence reduction via multiple internal
reflections of light scattered from the surface of a rod-shaped cylindrical diffuser placed
inside the pyramidal reflective cavity. At the output of pyramidal cavity, a diffuser plate was
fixed to further homogenize the illumination. Reduced speckle contrast using the proposed
system was observed up to 2%, which is nearly equivalent to a mechanically moving diffuser
system. The developed device does not consume any electrical energy and it is completely

vibration-free.

Speckle-free white light illumination from lasers is generally achieved by using a
combination of red, green, and blue lasers but at the cost of some losses in the light intensity.
Another method of white light generation is the combination of blue laser and yellow
phosphor by down-conversion approach. Using this method, we have developed a headlamp
prototype that comprises a set of four cylindrical diffusers, and a phosphor plate inside a

pyramidal cavity reflector. The scattered light from cylindrical diffusers interacts with a
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remote phosphor plate that prevents phosphor resin burning. The pyramidal cavity reflector
plays an important role to make the laser light uniform and speckle free via spatial and
angular diversity. The white light received from the headlamp module was almost speckle
free with a computed speckle contrast of 5%. The developed devices within this thesis can be
broadly used to develop speckle-free laser-based projectors, high precision microscopes and

automotive smart-headlamps.

Vi
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