Efficiency of Algorithm for creating hologram using
spatial light phase modulation (SLM)

AbStT‘QCt This thesis presents a study on the effectiveness of algorithms implemented in a Spatial Light Modulator (SLM), which is used to generate
arbitrary light patterns. SLMs play a crucial role in holography by precisely modulating the phase of light to create interference patterns essential for hologram
formation. The quality of the generated holograms heavily depends on the algorithm used to compute the phase pattern necessary for optimal light distribution.

To generating hologram , we use different algorithm create 3x3 images by python code and create hologram form SLM software such as 1)
Random Mask (RM) , each pixel has random phase shift, phase will be random between 0 to 2z the technique is very fast and performs remarkably good as far
as uniformity is concerned. 2) Superposition (S) this though slower than RM give order one efficiencies but very poor uniformities. 3) Superposition Random
(SR) , it improved from S by adding a random phase (Bm) nd results better than S also produce good uniformity. 4) Gerchberg-Saxton (GS) optimize phase by
repeating many iterations given result in poor uniformities. To analyze the performance, we extracted images from the SLM and analysis intensity using Python.
We then compared the efficiency , uniformity, and standard deviation of the different algorithms used for hologram generation with the SLM. Furthermore, this
thesis examines the holograms generated by the SLM, where different algorithms result in vary phase calculations and efficiencies. Understanding this control
generation will help improve hologram quality for applications in technology, quantum computing, and other fields.
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Optical tweezers use highly focused laser beams to trap 0
and manipulate microscopic particles, revolytionizing fields
like quantum, biophysics, and nanotechnology. A key
advancement is the integration of a spatial light
modylator (SLM), which dynamically shapes the laser
beam to create multiple traps and complex optical
patterns. This enhances precision, flexibility, and -
efficiency in particle manipulation. Moreover, the quality of grating shift at 0 0
the generated hologram directly impacts trapping stability
and accuracy. High-quality holograms ensure precise
control over optical forces, enabling advanced applications
such as parallel manipulation and high-resolytion force
measyrements, driving innovation in optical manipulation
technologies. SLMs enable the simyltaneous creation of
myltiple light traps, allowing for the trapping and control grating shift at 1000
of multiple particles at the same time. Additionally, SLMs
allow for the adjustment of light trap patterns to suit
Specific applications.

However, creating high-quality holograms with an SLM
requires efficient algorithms to calculate the appropriate
Phase patterns. These algorithms play a cruycial role in
determining the quality of holographic images in various

QSPQCtS, SUC"\ as Q'F'F|C|QT\C3 4 ur\lformltg, Clnd Stqndq rd The image shows a grating shift hologram at 0 The image shows a grating shift hologram at 500 The image shows a grating shift hologram at 1000
deviation

70

60
i \/\/\’/_\/.
40

30 =D ®

Percent of the total

20 ® = =

0 200 400 600 800 1000 1200 1400 1600 1800 2000
grating shift

0 Order ——@=—1o0rder =2 order

We studied SLM diffraction by generating holograms with
grating shifts from 0 to 2000. High brightness was
observed initially due to overlapping zero and first orders.
At a grating shift of 1000, the orders were clearly
separated with no interference from other orders.
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. To understand the setup and configuration of the
Spatial Light Modulator (SLM).

(o]

3 2 RM
. To learn how the software works for different T, :s
algorithms to generating holograms. ES ) G i
. To compare and analyze various hologram generation 2 s
algorithms based on performance metrics such as | :_\“:\___:*_4
diffraction efficiency, intensity distribution, and uniformity. J. : . ¢ . ¢
Number of rounds running the algorithm
M eth0d0|0 93 It can be ol.>served thafc there is still int.erference from. the '!st order and 2nd order,.preventing us
from capturing a clear image. When we shifted the grating shift to 500, there was still overlap from

other orders. We then shifted the grating shift to 1000, where it was clearly seen that the orders were
‘ distinctly separated. Therefore, we chose to capture the data at a grating shift of 1000.
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[=200nm The objective of this study is to analyze and compare the performance of various algorithms used to
create holograms using a Spatial Light Modulator (SLM). Emphasis is placed on evaluating factors that
affect the quality of holographic images, such as diffraction efficiency, intensity distribution, and uniformity.

f=300 nm when the higher the standard deviation, the greater the data dispersion, indicating excessive variation. The
ﬂ lower standard deviation indicates better consistency and stability of the algorithm. In other words, a lower
ﬂ \ valye means that the data is less dispersed around the mean, which is a better result for measuring
i‘r H i SLM accuracy and reliability. From the graph, it is clear that GS has a significantly lower standard deviation than
mirror 2 RM across all the nymber of rounds the algorithm is run. Therefore, GS demonstrates better performance
HW QW "
and stability than RM.
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