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 This work presents a design and implementation of a despeckle element based on Mie 
scattering theory. Based on an inorganic nano-sized particle a speckle reduction in laser 

projection systems has been achieved. Nano-particles reduce speckle by decreasing the 

temporal coherence of the laser source. Experimental results show that the speckle 
contrast mainly depends on the radius of nano-particles, transport mean-free path length 

of the photons in the light pipe containing an inorganic nano-sized particles and its 

concentration and can be reduced down to 0.22% at concentration of 3106.25   Molar.  
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INTRODUCTION 
 

 Most of  projectors on today's market use 

incandescent lamps like light sources, but else 

sources, like LEDs and lasers, are likewise available. 

The crucial benefits of lasers comparison to 

convention sources are improvement color gradient, 

higher contrast, greater effulgence and deep focus 

(Goodman, J.W., 2008). In addition, lasers supply 

longer lifetime. However, there are several 

drawbacks, such as price, availability of the 

wavelengths, power consuming, cooling and the laser 

safety (Janssens, P. and K. Malfait, 2009). Yet, the 

major issue has been the speckle. Speckle germinate 

when the coherent light is scattering from optical 

coarse surfaces or inside a turbidity medium, or when 

light pass through  medium with quasi-random 

alteration in refractive index (Riechert, F., 2009). 

Scattering from light is part of ours everyday 

experience, such as an example blue sky, red sky at 

sunset, white the light from clouds, scattered from 

surfaces are all match to the scattered of light (Nave, 

Rod, 2010). The theory from light scattered 

developed by the Lord Rayleigh and quite certain by  

series of precise measurements, related to case of the 

light decline on very small particles whose diameter 

is numerous times smaller than wavelength of the 

light. The greatest trouble in  scattering is offered by 

speckle, speckle pattern is an intensity pattern result  

from  interference of the wavefronts with randomly 

phases and/or intensity fluctuations (Yasushi Tomita, 

2014). The speckle pattern can be spotted when the  

laser beam is scattering from  rough surface or 

diffuser. All points in the intensity pattern is an 

overlap of random passing by contributing points in 

rough surface (Hector J. Rabal, 2009; Wang, L., 

1998). 

 In this work, a very simple mechanical 

movement in the presence of nano-particles based on 

random Mie scattering theory have been investigated.  

With different nano-particles radii, the results show 

that the larger  nano-particles radius is the major 

speckle reduction because the scattering coefficient 

is larger and the transport mean free path is smaller 

compared with the other nano-particles radii, by 

changing nano - particle concentrations there are 

More image clarity.  

 

Experimental Setup: 

 To illustrate laser speckle reduction, we 

proposed a despeckle element based on Mie 

scattering with a light pipe containing nano-particles 

mixed with deinonized purified water. The 

experimental setup is show in figure 1.  

 A green diode solid state laser at a wavelength 

of 0.532μm has been used as a lighting source. A 

beam splitter was placed after the laser source to split 

the intensity of the laser source (the small setup 

needed small optical power). The light pipe is a 

rectangular cavity shape for beam homogenization of 

dimensions (2×3×4.5 cm
3
) as used in the window 

industry, which consists of 75% of silica and sodium 

oxide and calcium oxide, and a number of other 

additives. The light pipe was set at a magnetic stirrer 
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to generate retardation in the temporal coherence of 

the source at a speed of about 800 RPM. At the 

output face of the light pipe and after a distance of 

16cm, an image plate was placed, which consists of a 

letter (A) printed on a transparent plastic sheet as 

shown in figure (2).  Two lenses and a screen or 

charge coupled device (CCD) camera was placed. 

The CCD camera has a high resolution progressive 

scan CCD chip with 1360 (H) x 1024 (V) and 4.65 

μm square active pixels. This chip is directly 

addressed via customized field programmable gate 

array (FPGAs). In this work, we sought the 

dependence of speckle contrast on the concentration 

of Zinc Oxide (ZnO) nano-particles. We apply three 

different radii of ZnO nano-particles 10nm, 15nm, 

and 20nm. Each radius of ZnO nano-particles were 

dispersed in deionized purified water at different 

concentrations C which ranging from 5×10
-3

 to 

30×10
-3

 Molar. 

 

 
 

Fig. 1: Experimental setup for speckle measurement. 

 

RESULTS AND DISCUSSIONS 

 

 To compare speckle contrast before and after 

adding nano-particles, first the light pipe was filled 

with pure deionized water.  Accordingly, for the light 

pipe filled with the deionized water without nano-

particles, dramatically speckle image captured by 

CCD camera is shown in figure 2.A. By adding Zinc 

Oxide nano-particles to the deionized water, 

autonomous speckle patterns generate due to 

magnetic stirrers movement and the presence of Zinc 

Oxide nano-particles. As the concentration of Zinc 

Oxide nano-particles increased, the amount of the 

autonomous speckle patterns was increased too. The 

speckle averaging happens within an exposure time 

of 35 ms and the speckle noise in the image becomes 

smaller. At a concentration of  25.6×10
-3

 Molar  

(perfect image of this result), the contrast reduced 

that just approaches to the limit value detected by a 

human observer, as shown in figure 2. (B).  

 Figure 3, shows  a beam profile of the speckle 

reduction and the clear image as before and after 

adding nano-particles.  

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Speckle image measured with the light pipe filled with: A) pure deionized water and B) Pure deionized 

water with Zinc Oxide nano-particles with a radius 20nm of 25.6×10
-3

 Molar concentration. 

 

 The asymmetry factor g and the scattering 

efficiency Qs were obtained based on scattering cross 

sections from Mie theory calculations (Mie 

Scattering Calculator [Online]) are summarized in 

table 1.  

 The scattering coefficient µs as function of 

different nano-particles concentrations C ranging 

from 5×10
-3

 to 30×10
-3

 Molar is show in Figure 4. It 

can be observed that at the same concentration, more 

scattering events per propagation length can occur 

when a photon  passes a light pipe containing 

mixture that contains a large nano-particles radius. It 

is clear that the larger Zinc Oxide nano-particles 

radius slows down the velocity of mixture movement 

while the slightly smaller asymmetry factor (g), 

increase scattering events because of less forward-

peaked scattering, which seems to compensate the 

decrease of the particle dynamics.   

 More scattering events occur as C increased; we 

can obtain a smaller value of transport mean free 

path as shown in Fig. 5. More scattering events may 

expand an angular range of intensity of the scattering 

light from the output end of the light pipe, and then 

reduce the size of the speckle grain on the screen, 

which will result in a smaller value of the ratio of 

detector size to speckle spot size. Figure.5 shows the 

(A) Before (B) After 

CR=74.8% CR=0.22% 
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effect of ZnO nano-particles concentration on the 

transport mean free path. It can be seen that at the 

same nano-particles concentration the transport mean 

free path is shorter in a mixture that contained 

deionized water mixed with large nano-particles 

radius (20nm) as compared with other radii (10nm 

and 15nm), i.e. a photon in a mixture that contained 

large radius is easier to loss its initial direction.  

 

 
 

 

Fig. 3: The beam profile of the laser beam captured by the CCD camera after transmitting from the mixing that 

contain: A) Only pure deionized water. B) Pure deionized water with Zinc Oxide nano-particles with a 

radius of 20nm and concentration of 25.6x10
-3

 Molar. 

 
Table 1: The asymmetry factor and the Scattering efficiency based on Mie theory calculations.  

Nano-particles radius nm Asymmetry factor g Scattering efficiency Qs 

10 0.00492 0.000142 

15 0.01104 0.00072 

20 0.01956 0.00239 

 

 
 

Fig. 4: Dependence of the scattering coefficient on  ZnO  nano-particles concentration C.  

 

Conclusions: 

 Based on the above analysis and experiments, 

we can conclude that the laser speckle reduction 

using our despeckle element is determined by two 

main factors, the size and the concentration of the 

nano-particles in the mixture. The former determines 

whether Mie scattering can occur and the velocity of 

the nano-particles, corresponding to values of 

asymmetry factor and scattering efficiency. The later 

determines the occurrence frequency of random Mie 

scattering, corresponding to values of scattering 

coefficient, transport mean free path and the ratio of 

detector size to speckle spot size in the mixture. Both 

together contribute to the reduction of speckle 

contrast. To obtain the lowest speckle contrast in 

laser projection displays, the larger size and the 

higher concentration of the nano-particles should be 

required. Nano-particles diffusing at larger 

concentration are easier to lose their phase relations 

relative to one another after they move a shorter 

distance. However, to improve the optical energy 

efficiency going through the light pipe, the lower 

A B A B 
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concentration of the solution diffusing the larger 

nano-particles have also achieved the same low 

speckle contrast.  

 
 

Fig. 5: Dependence of the transport mean free path on  ZnO nano-particles concentration C. 
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