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Evaluation of Helical-beam Imaging for Three Dimensional Selective Access Optogenetics

with Spatial Light Modulator
Yu TAkIGUCHI and Haruyoshi ToYoDA

Central Research Laboratory, Hamamatsu Photonics K.K., 5000 Hirakuchi, Hamakita-ku, Hamamatsu,
Shizuoka, 434-8601

We report here three dimensional sparse imaging to be employed in a high-access-speed microscope
for optically stimulating sensory-driven synaptic activity across all inputs to single living neurons in an
intact cerebral cortex. The system is based on holographic multi-beam generation by using a two-
dimensional phase-only spatial light modulator to excite multiple locations in three dimensions
simultaneously. In order to distinguish synapses located sparsely near one another on a dendrite, we
considered a rotational point spread function to extend imaging depth-of-field and encode axial location
in detection optics. We have successfully extended the depth-of-field from typically 3um to 10um and
reconstructed three dimensional depth information from a single encoded image.

Keywords: spatial light modulators, liquid-crystal devices, high throughput imaging, brain activity moni-

toring and stimulation, point spread function engineering
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LCOS-SLM2

LCOS-SLM1

Fig. 1 (Color online) Optical setup diagram of our optogenet-
ics system. Collimated laser from the light source shines LCOS-
SLM1, transferring the wavefront to the pupil of an objective
lens with telecentric optics (L1 and L2). Focusing the excita-
tion light with objective lens (OL), fluorescence light from the
sample is collected and transferred to second LCOS-SLM2
with upper telecentric optics (L3 and L4). Phase modulated
fluorescence light is imaged to the camera with tube lens
(L5) .
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Fig. 2 Intensity distribution (left) and phase distribution
(right) of LG beam (I =13).
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Fig. 3 (Color online) A) shows the phase distribution of
designed helical beam and B) is the three-dimensional vecto-
rial diffraction integral simulated point spread function.
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Fig. 4 (Color online) Comparison of peak intensity distribution in optical axis direction with (dotted line) and without (solid
line) phase information. Profile derived from the simulation (left) and enlarged view of crossover point (right) .
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Fig. 5 (Color online) LCOS-SLM (Hamamatsu Photonics
KXK.) . Pictures of X10468 series mainly for academic or
general purpose use (left) and X11480 series for built-in
systems (right). CMOS technology is adopted to manufacture
pixelated electrodes and circuits on silicon backplane as
address section. Liquid crystal layer is inserted between this
backplane and glass substrates with transparent electrode.
The refractive index changes according to tilting angle of
liquid crystal molecule due to the birefringence. This tilt can be
controlled by externally supplying voltage, refractive index of
each pixel can be modulate independently with applied voltage
to the electrodes.
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Fig. 6 (Color online)
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Observed point spread function. Two photon excited fluorescence from Rhodamin 6G is observed with

sCMOS camera. Setting F) as vicinity of focal point, images obtained in the region of 10 um shallow to 10 um deep position in 2
um interval. A) is the observation result at 10 um from the focal point to objective lens (shallow), J) is the result of 8 um apart
from the focal point (deep). Gravity center of two points were calculated in each images and angle from these two points were plot-
ted as a function of depth in K). Spherical aberration effected simulation was performed and plotted as a curve on a same graph.
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Fig. 7 (Color online) Experimental results of helical beam imaging. A) Fluorescent image obtained with typical epi-illumination,
B) fluorescent helical image obtained at same position with A), C) x-z reconstructed image at line profile shown in A) by 15 um

raster scanned in z-direction with epi-illumination.
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