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Abstract
Multispots in three-dimensions generated by phase mode spatial light modulators (SLMs) are very useful in laser
processing or light induced biological treatments, such as optogenetics. So far, the intensity of the focus spots varies
depending to the distance from optical axis. In order to equalize intensities in all generated spots, simple feedback method
was applied. Further, look up table was created by dividing imaging area in sectors. Experiment results show improvement
in the random spots at some degree, however, further analyzation is required.
Keywords: computer generated hologram, optogenetics, laser processing

I Introduction

Wavefront modulation using various kinds of spatial
light modulators (SLMs) are studied, and used in many
fields. In laser processing, spot by spot processing was
replaced by line to line or plane to plane. Thus, high speed
processing is possible. In recent years, light induced
biological researches are very active in worldwide. Such
as in optogenetics, light with certain wavelengths can open
or close ion gates on the cell membrane so the stimulated
neural signal can be generated manually. Using phase
mode SLM can create high resolution, cell specific 3D
multispots with few tens of milliseconds fps. However, the
light intensity on every locations are not always the same.
Whether it is because the diffraction efficiency drops by
increased diffraction angle, or the limited aperture size
works as a low pass angular spectrum filter, it always
seems that spots created close to optical axis brighter than
further ones. In order to solve this problem, some
optimizations are made to SLM phase patterns. GS method
is mostly used in such case. Some other methods are also
applied to improve speed and accuracy. However, time
consuming iterative algorithms are not always suitable to
stimulate nerve cells in living animals, as the activity is
quick and unpredictable. In order to speed up the
optimization, we propose feedback system to quickly
monitor generated spots and make appropriate changes.

And further, if we have this previous knowledge on the
imaging system, look up table (LUT) can be applied
instead of feedback process.

In this manuscript, two cases which using feedback and
LUT are demonstrated. Enhanced intensity distribution in
different locations are confirmed in both cases.

II Method
Figure 1 shows the principle of spot illumination on the
desired location using an SLM. In order to put image of
SLM on the back focal plane of the objective lens, 4f
system has been applied to illumination light.

Figure 1. Principle of generating focused spot in 3D

space.
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if the incoming wavefront u;, has a specific phase
distribution, described as

Uin (%) = Dk wkexp(— %) exp (i2nxgi), (1)

xk

after the objective lens, the wavefront at the front focal
plane (FFP) becomes

werp(X) = Teweewp (- (X = Gl @)

2
Here, Hy, = %, Gy = fgoLl and the kth focused spot
k

xk ’
falls on the position (G, Gy, Hy) in the sample space.
For feedback method, first we set wy, = 1 for all spot.
Then from the obtained results, we analyze average

Ig

intensity for all spots, and set wy = to new

laverage
pattern. This cycle usually only needs to be performed
once. Without feedback, we divide an image in sectors,
and give wy according to previously known spots’
distributions to creating LUT. This does not require
feedback, and usually LUT only depends on the optical
set-up.

III Results and Discussion
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Figure 2 Feedback method to correct intensity, and the

experiment result.

In order to simplify the experiments, we set h;, = oo in
eq. (1). With optical axis on the center of the Figure 2 (a-
¢), randomly generated 14 spots have uneven intensity
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distributions. As mentioned in the method section, we
analyzed the average intensity among 14 spots, and decide
wy according to actual intensity. For weak spots, wy
becomes bigger than 1, and vice versa. As in Figure 3(d),
after feedback, the plot line has flattened compared to
initial distribution. 10% of improvement happened to the
first spot which was furthest from the center. However, the
graph could not make perfect flat line due to limitations of
phase mode SLM.

The LUT was made by scanning the whole imaging area
with a single spot as in Figure 3(a). And to each sectioned
area, wy, is decided according to spot intensity placing
within the area. The array of wy is then made. After
applying the wj to new pattern, disproportional spot
intensity on the right side is improved at some degree.
However, the effect is further to be analyzed.

(a)Initial distribution
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(c)After correction
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Figure 3 LUT method to correct intensity, and the

experiment result.
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